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Preface 


Since 1945, when the first edition of The Artificial Insemination 
of Farm Animals was published, the volume of data resulting from 
research in artificial insemination has increased steadily, as has the 
practical use of the techniques developed by this research. Both in 
the United States and abroad, artificial breeding organizations have 
expanded their programs enormously. 

The authors of this third edition have attempted to select from 
many experimental findings those new facts which will be of most 
practical help to livestock breeders, managers and technicians of 
artificial breeding organizations, veterinarians, students, teachers, 
and research workers. No one person could have chosen from the 
vast quantity of available materials tlie most important information 
on the several breeds of livestock, the problems of semen analysis 
and preservation, control of di-sease, and breeding and management 
practices. The editor is therefore highly gratified in having obtained 
the collaboration of leading authorities in the respective fields, 

Artificial breeding is still practiced more with cattle than with 
any other animal, but in the last decade enormous advances have 
been made with poultry and swine. The chapters on these animals, 
as well as the chapters on disease and on the shipping of semen, 
have been either completely rewritten or extensively revised. The 
chapters on water buffaloes, frozen semen, and the evaluation of 
semen by chemical analysis are entirely new additions. 

Tlie chapter, “Advantages and Limitations,” contained in the 
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previous editions, has been eliminated, because today nearly c\ cry- 
one who has an interest in “A I " is aware of its strength and weak- 
ness They know that this metliod of breeding allows llic lucstock 
owner to utilize the germ plasma of the best proved sires for nn 
extraordinary number of females, and that conception can often 
be effected in cases where natural mating is impossible or liazard- 
ous With the advances in tlie preservation, freezing and shipping 
of semen, the mhentance of superior animals can be passed on to 
lierds thousands of miles away No herd owner today need go to 
the trouble and expense of owning his own sires 

The big challenge to the artificial breeder today is to select bis 
sires only on the basis of superior mhentance and proved ment, 
to keep a constant check on their health, and to maintain conditions 
so sanitary that there is no possibility of transmitting genital dis 
eases through infected semen 

On behalf of the co-authors and himself, the editor tlianks tlie 
many friends who have made available reports and suggestions 
based on long and successful experience m tlic field of artificial 
msemmation Without the assistance so generously given, this lx>ok 
would not have been possible 


New Brunswick New Jersey 
January 1960 


Esos J PErniY 
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Historical 


ENOS J PERRY 


In 1677 iVnton van Leeuwenhoek and his pupil, Johan Hamm, dis- 
covered sperm by the use of a magnifying lens As repoited by 
Dobell (1932), they leferred to the innumerable minute bodies as 
“animalcules" with the power of active forwaid motion, 

The first scientific research in artificial insemination of domestic 
animals was conducted by the Italian physiologist L Spallanzani, 
in 1780 He had attained success with several amphibious animals 
when he decided to experiment on viviparous species, using the 
dog first Dogs were confined in Spallanzani’s house, and after a 
lapse of 20 days the bitch manifested qbvious signs of being in heat 
Then, with semen at body tempeiature she was aitificially insemi- 
nated, the semen being deposited directly into the uterus with a 
pointed syringe Sixty-two days following insemination, the bitch 
gave birth to tliiee pups, all of which resembled not only the mother 
but also the dog from which the semen had been taken In 1782 
Spallanzani’s experiment was suceessfully repeated by P Rossi and 
checked by Professor Branchi These experiments pros ed the feasibil- 
ity of inducing pregnancy by artificial insemination, with the le- 
sultant birth of normal offspring 

Spallanzani further discovered that the fertilizing power of semen 
resided in the sperm carried by the spermatic fluid When the semen 
was filtered, the liquid that passed through svas sterile, but the resi- 
due on the filter was high in fertilizing capacity Spallanzani (1803) 
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also contr,buted lo the knowledge of the elfcet of coolmg on the 
nrolonging of spcmi hfc He obscr%cd that frcc/ing'.talhon semen 
m snow or w.ntcr cold did not necessinl> kill the sptnnalK scr- 
micuir’ but held them in a motionless state until exposed to hi at, 
after which they continued to mose for sesen and a half lioiirs 
His discoveries gave rise to intensive investigations of the sex cells 
and the physiology of (ertili/ation, lint these studies did not, as one- 
might h ivc expected, stimulate any further developments in .iltiricia! 
insemination for a long time in faet. it was not until the latter part 
of the mnctcenth century th.it new expefimcnts N^cre undertaken 
Iwth m Europe and America Concerning research, W He.npc 
(1897), of England, reported that a dog breeder. Everett Millais, 
between 1896 artifiuAWy wsermnAted a total of 19 lutclws, 

of which 15 produced young lltape wrote that m the hglit of this 
work it appears that artificial insemination is cas>, tint conception 
IS as readily induced in that way as by normal c'Oilus, and tint a 
single ejaculation serves several bitches He claimed tint the method 
could be used to cross dog breeds whose natural mating is impossible 
because of difference in size, and he suggested the plan as a means 
of studying genetic and telcgonic factors Heape also referred lo 
research with mares, m which the object was to overcome slcrihlj 
Pearson, prerfessor of veterinary medicine at tlie University of Penn* 
sylvama, wrote lo Heape, staling that he and some other veteri- 
narians had been successful in the artificial insemination of marcs on 
a number of farms 

In Europe, Plonnis had aitificiaUy inseminated a bitch in 1876, 
an undertaking repeated by Albrecht m 1894 to investigate problems 
m telegony, which at that lime held the undivided attention of 
breeders of domestic animals Artificial msemmation was first used 
in horse breeding in Europe in 1890, when the French velennarian 
Repiquet advised its use as a means of overcoft\mg sterility In the 
stud farms of several European countries the pefcenlage of concep- 
tions obtained was very low, so investigations for the purpose of 
improving this condition were then begun Professor Hoffman of 
Stuttgart recommended the use of supplementary artificial msemi- 
nahon followmg natural mating He v,rote “Inanyrat.onallycnn- 
tlon as no^wH 'f ‘n -sITecessary. as soon after ccpula- 

™rus tW ni >1. 'f •’■rectly into the 

uterus through the ntenis onfice” He gave a detailed descnpt.on 
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of his techniques and the instruments necessary. After the stallion 
covered the mare, the semen deposited in the vagina was collected 
from a depression in the lower vaginal wall with the aid of a specU' 
lum andspoon. The semen was then sucked up with a special syringe, 
diluted with cow’s milk, and introduced into the uterus. He con' 
tended that the transference of semen to other mares was not a matter 
of practical importance, and left studies in that field to others. In 
Denmark during this same period Sand and Stribolt obtained four 
successful conceptions after artificially inseminating eight mares. 
Reporting at the Northern Livestock Conference in Copenhagen in 
1902, Sand said that the most important feature of the practice was 
the economical use of the semen of a valuable stallion. Thus, whereas 
the others had viewed the method as a measure to solve the problem 
of sterility. Sand considered its potentiality for the widespread im- 
provement of farm animals. 

It was in Russia, however, that the method was first taken up 
seriously as a means of attaining this new objective. The best known 
Russian investigator, and a leading pioneer in artificial insemination, 
was E. I. Ivanoff (1922). In 1899 he was requested by the chief of 
the Royal Russian Stud to determine the possibilities of the method 
for use in horse breeding. Under his direction, artificial insemina- 
tion was practiced by numerous stud farms, but the results were not 
uniformly good. He noted, however, that where he did the work or 
where it was done under his oversight, the conception rate was 
somewhat higher than that obtained by natural mating. At Askaniya- 
Nova in 1912 the insemination of 39 mares resulted in 31 concep- 
tions, whereas there were 10 conceptions from the natural breeding 
of 23 mares. He also succeeded in inseminating birds. 

Ivanoff was the first to undertake successfully the artificial in- 
semination of cattle and sheep. While working with the stud farms, 
he asked permission of the Ministry of Agriculture to institute ex- 
periments on these species. The minister referred him to the Agri- 
cultural College at Moscow so that the investigations could be con- 
ducted on the property of the college. However, a committee of the 
professors objected to having such experiments tried on their cows. 
Ten cows were bought, and Ivanoff obtained successful results with 
some of them, lie had similar success with sheep at the livestock 
farm and station at Askaniya-Nova. His results awakened much in- 
terest, and a physiological section was established in the veterinary 



6 Artificial Insemination of farm Animals 

1 iboratory of the Ministry of Agriculture, with the special objectives 
of sliidymg the pliysiology of ferUlization and tt uning vetermanans 
m the teeliniqnes of artificial insemination Ivanoff headed the sec- 
tion, and during the years prior to World War I between 300 and 
400 men were trained \nd sent out as practitioners of artificial in 
semination A very considenblc increase in the number of animals 
mechanieall) bred resulted Between 1913 and 1917, a total of 323 
mares were artificially inseminated in Japan 
Beginning in 1914, G Amantca, professor of human physiology 
at the Unnersity of Rome liegaii experiments in spermatology, using 
the dog cock, and pigeon (Bonadoima, 1937) lie is reputed to 
have devised the first artificial vagtin, the one here pictured (Fig- 
ure 1) It was used to collect semen from the dog A little later the 
Russian investigators Milovanov Filippov Ku/netsov, Neumann, 
Sehvinova, Skalkin, and others utilized the reports of Professor 
Am uile i as an aid in their development of arlificial vaginas suitable 
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for the bull, stallion, and ram, and thereby expedited the artificial 
insemination program in its initial stages (Milovanov, 19^8). The 
studies of the physiology of the sperm by these men- were also a 
valuable contribution to the science of livestock breeding. 

One of the early English workers was Arthur Walton ( 1933 ) , who 
reported much useful information pertaining to the handling of 
semen, based on many trials. Walton pioneered with Prawochensld 
(1936) in long-distance shipments. In 1936, sperm was collected 
from a Suffolk ram at Cambridge, cooled to 10° C., transferred to a 
thermos flask containing chipped ice, and airmailed to the Pulawy 
Zootechnical Institute in Poland. Five ewes were inseminated with 
semen two days and three hours old. Two ewes became pregnant, 
and one gave birth to a ram lamb that plainly possessed Suffolk 
characteristics. 

By 1938 the number of animals inseminated in Russia had risen 
to 120,000 mares, '1,200,000 cattle, and 15,000,000 shepp. In sheep 
farming artificial insemination had become very popular, and in 
many studs and flocks it was the sole method of breeding. 

Eduard Sorensen (1938) of the Royal Agricultural and Veterinary 
College, Copenhagen, a close student of the Russian technique, and 
Jens Gylling-Holm, agricultural adviser of Tranebjaerg, organized 
the first cooperative artificial breeding association in Denmark in 
1936. It had 220 members, and 1,070 cows were inseminated the 
first year. The average number of inseminations per pregnancy was 
1.68, a rate slightly better than the natural service in the same herds. 

. Fifty-nine per cent conceived on first insemination. 

The first demonstration in America proving that large numbers 
of cattle could be successfully bred by artificial insemination was 
conducted at Pabst Farm, Wisconsin. Howard Clapp, the manager, 
reported on May 14, 1938, that from 1934 to that time 130 calves had 
been bom on the farm as the result of artificial insemination (Clapp, 
1938). 

The first cattle breeding organization to use artificial insemination 
in the United States began operations in New Jersey on May 17, 
1938, as Cooperative Artificial Breeding Association No. 1 (Perry 
and Bartlett, 1955). It started with 102 members, and it was modeled 
after the Danish system; 1,050 cows were enrolled, and it grew 
rapidly. The first technician was J. A. Henderson of Canada, and 
his associate and advisor for two months was A. F. Larsen of Den- 
mark, who had successfully performed the work in his country’s first 
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association The number of dairy cows inseminated by the 56 cattle 
breeding studs of the United Stales in 1961 totaled 7,047,148 from 
863,781 herds-about 36 7 per cent of the milk cow population of the 
country One bull has been bred to more than 140,000 cows, and 
many others to from 30,000 to 50000— fantastic figures to dairymen 
a few years ago Two artificial insemination bulls each have over 
1,200 production tested daughters By the end of 1958, several other 
countnes had made still more amazing strides in increasing the 
percentage of cows being bred artificially These were Denmark, 98 
per cent, Japan, 92 per cent (dairy), Netherlands, 65 per cent, Eng- 
land and Wales, 58 per cent, and Sweden, 26 per cent Marked head- 
way was reported for Ireland, with 26 per cent, West Germany, 25 
per cent, and France, 23 per cent In a world survey conducted at 
the request of the National Association of Artificial Breeders of the 
United States, reports from 54 countries revealed that a total of 
^486 101 cows and water bufFaloes were artific.ally inseminated m 


With the newer Imow ledge of preserving and shipping bull semen 
a system of centralized operation was developed for the cattle im 
provement program throughout much of the world The keenine 
of fewer but better sires at a central point from which many afSha ed 

by means of dry ice ( CO^rl rL,! f of -79” C , 

fowl sperm markedly against low tenLmr°'™p Protected 

Rowson (1932) tested thrfe^I! E A 

bad been buffered with egg yolk sodium '’“i” 
with glyeerol d, Inter for seLal hou« befoirtre '^‘'‘broted 
mg conception rate was satisfaclorv Th l , The result- 
amimules of frozen bull semen wrln and te^twf ““ ''"'’'’'"S 

has become a common practice The refnnera countries 

".trogen The latter w!s made a" ” '“J-d 

Service of Madison, Wisconsin (19^1 W Amenean Breeders 

power orthehquidnitrogensomestoS of !em R ”1°' 

temperatures much lower than that of dry' ice 

y «ue me Waterloo Cattle 
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Figure 2 Dr Joseph Edwards Dr A S Parkes and Dr C Polge of England, who 
were ossociated with the discovery of the technique now used for freezing sperm 
at very low temperatures 


Breeding Association ot Waterloo, Canada, was tlie first breeding 
organization in tlie world to operate a 100 per cent frozen semen 
program, beginning in December 1954 The Ontario Veterinary Col- 
lege at Guelph, Canada, conducted early trials in the large scale 
processing of frozen semen and the developing of practical equip- 
ment for storage and field use 

Artificial insemination has been used experimentally to yield hy- 
brids or bastards between species that do not voluntarily mate For 
example, zebroids have been produced by crosses between the male 
zebra and mares, and progeny have resulted from crossing domestic 
cattle with the zebu and bison On the other hand it was proved im- 
possible to cross the sheep and goat, the dog and fox, and the Euro- 
pean rabbit and hare 

The number of workers in the field of artificial insemination has 
increased rapidly, and much literature has accumulated upon the 
subject Improved techniques have been de\ eloped for the collection 
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.a oi semen o! the common farm animals, and for tlieir 

^ ^ nation Along with these advances many new facts have been 
‘eSId concerning the biology and b.ocbcmistry of spe^ of 
the secretions of the reproductive glands of the male 
non and heat and their related phenomena in the female Oppor 
lunities for further studies and discoveries arc unlimited 


REFERENCES 


American Breeders Service Breedine. for Profitable Dairy Cattle Through Im- 
porting Frozen Semen of the Bert Progeny Tested Sires Chicago (325 
No Wehs St), 1937 

Bonadonna, T Le Bosi Scieniifiche e le Posstbthta Tecnichc della Fecondazione 
Artificiale Brescia, 1937 (Reference to Professor G Amantca ) 

Clapp. Hov/ard Report in The Holstein World (Lacona. New York) , May 14, 
1938 

Dobell, Clifford Anton lan Leeuwenhoek and J/fa Little Animals New York, 
1932 

Heape, Walter “The Artificial Insemination of Mammals and Subsequent 
Possible Fertilization or Impregnation of Their Ova " Proe Roty Soc 
London. LXl (1897). 52-63 

Ivanoff, E I “On the Use of Artificial Insemination lor Zootechnical Pur- 
poses In Russia." four Agr Set, XU (1922), 244-256 
Milovanov, V K Isshusti^enoye Ossemenenie Selsko Khoziascennykh /ivof- 
nykh (“Artificial Insemination of Farm Animals") Moscow. Seljhozgiz, 
1938 368 pp 


Perry, E J , and J W Bartlett "The Arlifiaal Insemination of Dairy Cows " 
New Jersey Agr Col Ext Bui 284 ( 1953) 

Polge, C , and L E A Rovvson “Fertilizing Capacity of Bull Spermatozoa 
after Freezing at -79 degrees C" Nature. CLXIX (1952), 626-627 
Anfm Breeding Abs , XX (1952). 235 
Polge. C . A. U Smith, and A S PaiVes “Revival of Spermatozoa after 
Vitnficabon and Dehydration at Low Temperatures" Nature, CLXIV 
(1949), 666 Anfm Breeding Abs, XVIlf (1950), 111 

“Survival of Sperm at Low Temperatures ” Nature. 
CLXVI (19o0), 668-669 Amm Breeding Abs , XIX (1851), 30 
Sorensen, Eduard Kurullg Saednerfmnn Hoj Huspalledyrme Komre/is 
VeeeriniterKrg LondbohoirWe Aamlrijt, Copenhagen 1938 
SpaUanar^ L Trartr on the Nowrol Hrrtor, „f An.mals'nnrl Vegelnbto 2a 
ed EdinW^, Creech and Coirstable 1803 Translated by J G Dalyell 

""’“Lfd. mil f- 



CHAPTER 


2 


Male and Female Organs 
of Reproduction 


JOSEPH EDWARDS 


An understanding of ttie structure and functioning of the organs 
of reproduction is essential if an intelligent application of the tech- 
nique of artificial insemination is to be made. The subject can be 
dealt with only very briefly in the [iresent chapter. 


THE MALE OllGANS 

Structure. The organs of reproduction in all domesticated species 
of animals arc essentially similar; a description of them as they occur 
in the liull will he given. They consist of the testes or testicles (see 
Figvue 3), which are suspended outside the body cavity in the 
scrotum. The spermatozoa or sperm are foimed inside these testes. 
A coiled tube leads off from each testis and forms a body, the 
epididymis, in which tlic sperm mature and are stored until ejacula- 
tion occurs. Fiom this a tube passes through the inguinal canal into 
the body cavity. These tubes come together and enter the urethra, 
a structure which is continued within the erectile penis. The point at 
wliich the tubes makes contact with the urethra is close to that at 
which the bladder also opens, and from this area both semen (during 
mating) and urine (during micturition) pass to the exterior. 

Also in this area are to he found accessory glands, tlie largest of 
JJ 





f.gur* 3 R«prod«ci.y« et o W' A Mo«l «>«'«' Wfd wppW»"« 
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which ate the \esKulae semmalcs (F m Figutc 3) Others include 
the prostate and Cowper’s glands During copulation the sperm from 
the testes are diluted, to an extent winch \ar>es with the species, 
with liquid secretions from these glands, and the resulting mixture is 
called the semen In the Iwar’the cells lining the urethra also con- 
tribute materially to the volume of the semen 
The surface of the penis is well supplied with numerous sensory 
end organs, and the fact that the organ is extremely sensitive should 
always be borne m mnid It js sensitive to manipulation (the sheath 
and not the penis should l>e handled at the lime of semen collection), 
and it is sensitive to temperature If the inner surface of the artificial 
vagma is too hot, pam will be expciiencod, if it is too cold-m some 
cases as little as QJ’ F below blood licat-tbc ejaculatory process will 
not be completed Tlie penis is sensitise also to the surface of the 
inner lining of the vagina A high quality rubber with a perfectly 
. smooth surface should always be used 

Functioning of Testes The testes have two important and quite 
distinct functions-the production of sperm and the production of 
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Ftgurm 4. Section through teminiferout tubules of the testis o. Basement membrane, 
b. Spermatogonium c. Spermatocyte d Spenn In cavity of tubule e Intentlllal 
tissue contolnlng blood vessels (f. H. A. MorthoU, The Physiology of Reproduction, 
loftdon, 1900) 
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the male sex hormone To understand the way .n wl‘'ch ll'esc func- 
t,ons are performed, ,t is necessary »o mahe a most mtimilc study 
of the orgL The greater part of eaeh testis is composed of minute 
tubes which under the microscope arc seen to line a cross scctioi 
appearance, as shown in ngme 4 (one half of each of tsso tubes is 
to be seen) The sperm function is tamed out within the tubes, and 
the male sex hormone is produced l>y the tissue between the tubes 
Between the base of each tube and its cavity in the center a progres- 
sive senes of changes in cell structure take place, and the original 
“mother cells at the base give nsc m the end to ibe spenn Dunng 
the process there is a reduction by half in the number of chromo- 
somes that each cell normally contains and sperm capable of de- 
termining the male or female sex after ferlihiUtion are produced 
in equal numbers All efforts to control sex by attempting to segre- 
gate, destroy, or increase the survival power of one or tbe other 
type of sperm so far have failed to produce results 

Onset of Spermatogenesis There are records of bulls being proved 
fertile, by natural service, when as young as six months and at cslab 
lishments where bulls arc reared from calfliood for artificial breeding 
units semen of apparently good quality has been collected from this 
age onwards Breed, individuality, and growth for age arc factors 
still to be examined separately and together, and it will also be in- 
teresting to know the effect upon growth and spf rm production later 
in life of a period of activity shortly after piilicrty which is followed 
by one of inactivity Frozen and banked collections of semen from 
a very young sire offer the prospect of planned progeny test results 
with a saving of nine to twelve months' waiting time 

Rate of Sperm Production The rate at which sperm production 
(spermatogenesis) occurs is of fundamental importance in artificial 
insemination work Individual males undoubtedly inherit varying 
rales of testicular activity, just as females vary m inherited levels of 
fertility or milk secretory activity A wide range m rate of sperm nro 
duction may go unnoticed m the case of sires used by normal mating 
in herds of average size, but important differences are revealed when 
sires are objected to regular collection routines 

A standard for the rate of sperm production has been worked out 

sperm per hour, or 80.000 per minute, for a mbb.t with tlstfs we.gV 
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figure 5. "RaJe o> sperm producl'ion In l>te robVit; comparison laetween we'igVit 
testis and number of sperm per week. 


ing 8 gm. Standards for rate of sperm production for bull, stallion, 
ram, and boar have yet to be defined in this way, although for the 
bull recent American research suggests that it may not fall far short 
of that for the rabbit. 

One or two sample ejaculates arc unlikely to provide much evi- 
dence of differing rates; because of storage capacity, several ejacu- 
lates have to be collected over a short period of time if different 
levels are to be revealed. In an experiment with a group of 15 bulls, 
from each of which ten ejaculations were collected in a space of 
two hours, it was found that the bulls did not arrange themselves in a 
stable order of merit foi sperm production until after the fifth or 
sixth collection. In Tabic I the total number of sperm in the first two 
collections and in ten collections arc given for five of tlie bulls. 
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Although quite a lot is known about mlcmal factors affecting the 
onset of sperm production-tlie effect of the pituitar> gland for 
example-therc is still little evidence to show the way m which the 
rale may be influenced Further research w ill no doubt > icld results 
m this field The effect of the pituitary gland hormone in the male 
IS qualitative but not quanlitatise that is the presence of the hor 
mono IS essential for spermatogenesis but larger amounts of it will 
not increase the numbers produced This contrasts with the be 
hasior of the comparable gland m the fcmale-if one o\ary is re 
mo\ed the remaining ovary will compensate by producing twice 
its normal number of eggs If one icslts is removed m the male the 
remaining testis will not compensate but will continue to produce 
at its own characteristic level 

Temporary infertility may be observed in males when there is a 
sudden change from a high plane of nutrition to one which is normal 
or low The first state of affairs-high to normal-frequenlly arises in 
the case of males produced in a very high stale of condition for 
pedigree sales and subsequently brought dow n to normal feeding m 
a commercial unit The effect sets itself right in a short time (one 
or two months) The successful treatment of bulls of low fertility 
wnth ascorbic acid has lieen reported but the evidence is not con 
elusive 


In lerapcralt climates there is as yet very httle evidence oi sea 
sonal i^natinns m the mimlicr or quality of spenn produced in the 
bull The possibility of such sanation m warmer chmates is not ruled 
out and ,n the cKc of one breed of sheep (Shropshire) a deteriora 
tion m quality of semen in hot summer months has been desenbed 
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Figure 6 Living bull spermatozoa Ultroviolel phofomicrogroph 243 U L Han 
cock Jour Expt Biol XXfX 1I952I 445) 

T)ic sperm arc \cr\ sensitirc to high temperatures, and the scrotum 
IS a mcch imsm foi regulating temperatme Low fertility is Iiible to 
occur after a period of fc\er in tlic aniiml 

r/otc of Sperm iii the Mate Tract The How of sperm in the male 
Iriet IS e\tremcl> interesting and significant There is, of course, a 
const uit flow from each testis and the sperm lease from the top 
end of the organ as it li mgs in the scrotum A tube runs down the 
side of the testis to its base iiid here coils cstciisisol) to form the 
mam put of llu epididsims (L in ITgiire 1) 'lliis structure can he 
felt through till scrotum— III the hull it is ihoiit the sire of a w alniit— 
and its condition is a str) crude indicator of fcrtihtj In a fertile 
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male it is fim to tlie touch, whereas it is flaccid in one of poor fertility. 
The sperm are stored in this part of the epididymis, and it is believed 
lhathere they undergo a maturing process At the time of c)aculation 
the sperm are moved by rhythmic contractions through the tube 
which connects the testes with the urethra, where, as already de- 
scribed, they are diluted with secretions from the accessory glands 


to form the semen 

In the case of a male which is not given service the sperm con- 
tinue to be produced at a normal rate The flow is not mlCTrupletl, 
and the old sperm are moved out of the epididymis into the tube 
(vas deferens) by the arrival of the new The evidence suggests 
that, masturbation excepted, the only way in which the old sperm 
are disposed of is by disintegration and absorption by the walls of 
the tube It is dear therefore that the sperm content of the epididymis 
at any time is a blend of sperm of different ages, and that it is nec- 
essary to study the rate at which individual bulls arc capable of pro- 
ducing sperm so that a schedule of collection may be arranged which 
will give the best type of ejaculate Infrequent collections will re- 
sult, m the case of a bull of high producing ability, m initial ejacu- 
lates of aged or dead sperm A case is known of a bull from which, 
if the collection interval is as long as ten days, three to four ejaculates 
of such semen have to he discarded before one of good quality is 
obtained On the other hand, overfrequent collection may result in 
the ejaculation of immature sperm with less than normal ability to 
fertilize and sustain storage conditions 
Semen Chaructemtics Species differences m semen characteristics 
exist chiefly in volume and density of sperm, and these in turn cause 
differences m survival (storage) ability and the number of females 
which may be inseminated from one ejaculate Average values for 
the bull, ram, stallion, and boar are given m Table II 


It will be seen that the large volume of semen produced by the 
stallion and the boar neither stores well nor is capable of being used 
for very many femalrj In these two species the sperm at the lime 
of ejaculation are diluted to a great extent by the secretions from 
the accessory glands, and storage times and inseminating capacities 
more cornparable with those of the bull and the ram await the dis- 
covery of new methods The We of the sperm is limited by the 
sources of energy it contains-after leaving the male it is incapable 
of using external sources The storage process a-ms at reducing the 
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Table II 


Animal 

Average 
volume oj 
^aculaie 
(c.c.) 

Average 
concentration 
(millions 
per C.C,) 

storage survival 
time* with 
retention of 
fertilizing 
capacity (days) 

Number of 
females per 
Maculate 

Bull 

4 

300-2,000 

4-6 

100-600 

Ram 

1 

800-4,000 

5-7 

40-100 

Stallion 

50-100 

30-800 

1-2 

• 8-12 

Boar 

20(1-250 

25-1,000 


4-8 

Cock 

Q. 2-2.0 

K-fiO 

Ai^vays use /resh 

6-10 


* For liquid (non-deep freeze) state- 


expenditure of this limited amount of energy by controlling sperm 
activity, and this is effected in the case of dense concentrations (for 
example, bull and ram) both by the accumulation of carbon dioxide 
gas produced as an end-product of sperm metabolism and by cooling 
the semen to a temperature of 5° C. Before the time when egg yolk 
and milk came to be used in the artificial dilution medium, it was 
necessary to cool slowly, but the use of these substances, acting in 
a way still undefined, makes possible the simple cooling technique 
now practiced. In the case of the very dilute boar and stallion ejacu- 
lates it can readily be imagined that the sperm will have used up a 
considerable part of tlieir energy before either carbon dioxide con- 
centration or cooling is able to control their activity. There may be 
additional factors at work, but it is thought that the dilution itself 
has a considerable negative effect on storage capacity in these Uvo 
species. 

The individual sperm (or spermatozoon) is an extremely small 
stnicture somewhat less than Vmo of an inch in length and tadpole- 
like in shape (see Figure 7). Inside the head is the nucleus which 
contains the chromosomes— rod-like structures on which the units 
of heredity (genes) are located. The tail is used, as in the tadpole, 
as a means of locomotion. The swimming action of the sperm lakes 
place inside the female tract in the liquid medium that bathes its 
surface. The egg (or eggs) produced by the female may bo pene- 
trated by more than one sperm, but one sperm only makes contact 
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With the nucleus of the egg The fusion of the nuclei of spenn and 
egg constitutes feitilizalion (see Figure 8) 

It IS as yet impossible to dchne the minimum number of sperm 
required for fertilization by artificial msemmation It is obvious that 
there is considerable waste m normal mating wherein 4,000 to 5,000 
million sperm are introduced into the female For a time it was 
thought that the lower safety limit was 2o0 million sperm per in* 
semination, but more recent worlc suggests that about 10 to 15 mil 
lion will suffice when the intracervual or inltantcrme methods of m- 
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figvra 8. Hydtoides hejiagoou* (Annelida): Spermatozoon entering on egg. Head 
(nucleut), two middle* pieces, port of the flageUun}, and a very small part of the 
acrosomc ore included. In this species it is considered that lytic materlol comes 
from the spermatozoon and erodes a hole (clear area) In the egg membrane. The 
lorge sperm head can then pass Into the egg. Approximately Xl9,385. (Courtesy 
Cofwin and Co/wm, Queens Cof/egc.T 

seminalion arc used. (This is equivalent to 1 c.c. of a 1:50 dilution 
of an ejaculate of 800 million density.) In the future this number 
may be still further reduced, but it nnist be remembered that the 
sperm encounter many hazards during their ascent in the female 
tract and that large numbcrs'faU to reach the site at which fertilizii- 
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tion takes place The intracervical and intrauterine methods of in 
setnmabon overcome some of these hazards 
It must be emphasized that the spermatozoon is an extremely 
delicate organism and that it requires most careful treatment at each 
stage of the artificial insemination process Substances harmful to 
it include disinfectants possessing bactericidal properties^but not 
anlibiotics-and metal surfaces In the former case sperm should not 
come m contact with equipment cleaned with disinfectants nor 
should it be exposed in an atmewphere containing them It is obvious 
that neither metal catheters nor jnetal tubes should be used to hold 
sperm 
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Sex Drive. It was noied earlier that the testes exercised a hormone 
function in addition to their sperm function. The male sex hormone 
produced by the testes is responsible for the development of the 
secondary male characters— for example, the thickening of the crest 
over the withers, the strong horn, the deepening of the vocal sounds 
in the bull, and the sex drive or willingness to serve. This last func- 
tion is quite unrelated to that of sperm production, a fact that is 
obvious from examples of males which are keen at service although 
sterile, and from contrary cases. The presence of the hormone is the 
foundation of "maleness,” and the mating process becomes essentially 
a reflex act governed by the nervous system. 

The behavior of males prior to and during service constitutes a 
fascinating aspect of animal behavior. In certain species of birds 
and animals the display on the part of the male that precedes the act 
is elaborate and is carried out according to a definite pattern. It may 
not appear to be either as elaborate ot as definite in the case of bulls, 
but sufficient is known for it to be realized that the mechanism is 
delicately balanced and dependent, especially in the case of older 
animals, on what the psychologist would describe as conditioning. 
In this respect the bull is very much a creature of his environment— 
he becomes used to his surroundings, the personnel who look after 
him, the preparations for semen collection, and the technique itself. 
A sudden change of any one of these factors may upset him. If, on 
the other hand, a bull becomes slow at service, it is sometimes pos- 
sible to stimulate him by creating a sense of frustration, either by 
allowing him to see other bulls serve before he is permitted to do so, 
or by leading him up to the cow as if he were going to be used but 
immediately returning him to his stall. The Russian workers who 
have made a close study of bull psychology recommend that this 
latter course should be followed daily with inactive bulls. 


THE FEMALE OKGANS 

Structure. The structure of the female organs of reproduction is 
similar in our domesticated species of livestock, and once again that 
of the bovine will be described (see Figure 10). 

The ovaries, which give rise to the eggs or ova, are two in number 
and arc connected to the back of the female inside the main body 
cavity. The uterus, or womb, is not in direct contact with the 
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eggs do not fall into the body cavity but enter the uterus. The egg, 
though minute, is much larger than the sperm and is about Kso inch 
in diameter. 

The uterus proper consists of two horns and a body. The smfaces 
of these structures in the ruminants (cow, sheep, goat, and so on) 
are found to possess a large number of processes called cotyledons, 
which become much enlarged during pregnancy; and it is to these 
that similar structures developed around the embryo attach them- 
selves, and through tliem that the developing young is no'urished. 
These surfaces are also richly supplied with glands which produce a 
fluid secretion; it is through this medium that the sperm ascend to 
fertilize the egg. 

The uterus ends in a firm canal called the cervix, and from this 
point connection with the exterior is made by the vagina and vrdva, 
or external opening. The state of the cervix, the opening into the 
womb, varies both with the species and with the stage of the re- 
productive cycle. In the case of the normal cow the cervix opens 
slightly during estrus (or heat), so tliat at this time it is possible to 
pass the inseminating tube through into the uterus. Tubes of a nar- 
rower diameter may have to be used fo’r heifers and the smaller 
breeds of cow., In normal mating the penis of the bull does not pene- 
trate the cervix, and the semen is deposited in the vagina close to 
the entrance. In the ewe it is not possible to do more than introduce 
the semen into the entrance of the cervix. In the mare, on the otlier 
hand, the dilation of the cervix during estrus is considerable; and to 
judge from the difliculty experienced in withdrawing semen from 
the vagina after a normal service,, it is concluded that the bulk of 
it is deposited in the uterus during the act. 

Between two heat periods the opening of the cervix contracts; 
and if pregnancy follows service or insemination, it becomes sealed 
oil by a secretion which is sticky and gelatinous. 

Functioning of the Ovaries. Wien puberty or sexual maturity is 
reached, the ovaries begin to function witli a rhythm or cycle of ac- 
tivity, the most evident manifestation of which is estrus or heat. The 
duration of heat is about 19 hours, and the interval between heats 
1914 to 20 days. There are individual and seasonal variations in these 
times. 

As in the case of the testis, an understanding of tlie functioning 
of the ovary calls for a more detailed study of its structure. Tlie tissue 
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m the surface layer area contains very large numbers of potential 
egg forming cells There are many more of these than are required 
for the breeding hfe of the female-the estimate for the heifer is 
75 000 As the heat period is approached one or a few ova begin to 
mature, each m a small follicle or sac The follicle grows, and at the 
onset of heat is grape like both m appearance and size Its outer 
wall encloses chiefly the mature egg and a quantity of liquid About 
14 hours after heat is over m the cow— about 24 hours before it 
finishes m the mare and at about the end of heat in the ewe and 
sow-the wall of the follicle ruptures and the liquid content oozes 
out, washing the egg into the funnel shaped ending of the tube lead- 
ing to the uterus Fertilization in the presence of sperm takes place 
in this tube, and the egg then passes into the uterus The various 
stages m the estrous cycle here described are shown in Figure 11 
The hfe of both the egg and the sperm in the uterus is limited, 
and failure to achieve conception may result from wrong timing 
This is particularly important m the mare, because in this species the 
duration of heat is always a matter of several days Mares tend to 
have a charactenstic duration of heat during the breeding season, and 
insemination planned to coincide with the last two to three days 
will give much belter results than one early m the period 

It IS now necessary to examine the change that occurs m the 
ovary after the egg has been shed The inner surface of the foUicle in 
which the egg matured now proceeds to produce a different kind of 
tissue, which comes rapidly to fill the cavity This tissue forms, in 
the space of a few days, a solid structure known as the yellow body, 
or corpus luteum If conception has taken place, this yellow body 
(the corpus luteum of pregnancy) persists almost to the end of 
gestation Its removal from the ovary (see Figure 12) m the early 
stages will cause an abortion The yellow body is responsible for a 
hormone which, among its other effects, prevents any further produc 
lion of eggs or symptoms of heat 

If maUng or insemination does not take place during heat or if 
con«ption fails to follow such mating, the yellow body normally 
reaches Us maximum size and activity at about tbe ninth day after 
heat and thereafter proceeds to become smaller and inactive Dunne 
this ptee ol regression a phase of fcll.oular and egg producing ac- 
Imly bepns again in the same or other ovary, reaching its peak once 
more at the next heat period Follicular activity is controlled quantr- 




In th» lop row lh» ripening follicle ii leeni it ruplures between 24 ond 48 hours ofler the beginning of heat and forms the new corpus 
luloum which ol firil is doric from o blood clot and later m the process of roorganilolion becomes a poler body, in the meantime in- 
creoitng In me In the boHom row, which shows the ovary with the old corpus luteum of the previous heat period, the stoges of its 
degeneration ore seen Oohn Hammond, Physiology of Reproduction in the Cow, 1927 Reproduced by permission of the Cambridge 
UntttnitY Prtts) 
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lalheV b)- a bormone (FSH) produced by the anlerior pituitary 
gland (cf., Functjoning of Testes), and the number of young to which 
the femaie gives birth depends very largely on the amouiit of this 
hormone that circulates m the blood. In the mare and the cow it is 
normally sufScicnt to cause the maturatron of one egg at each heat 
period. In the sow, on the other hand, several eggs are ripenedj and 
in the ewe, twinning, as a result of the production of two eggs, is 
common The latter species provides evidence of the fact that the 
plane of nutrition affects fertility— e\% e? “flushed" with a protein- 
rich supplement before matmg produce larger lamb-crops as a re- 
sult of a higher rale of egg production. This rate may also be in- 
fluenced by injection of the follicle-stimulating hormone now ob- 
tained from the blood of pony mares which are between the fiftieth 
and ninetieth da>s o! pregnancy. 

The use of this homone to increase the hunt-crop from ewes and 
to get lliem to breed out of season lias been tried successfully; and 
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a field experiment in cattle, associated with the routine funetioning 
of an artificial breeding center, is being tried out in England for the 
first time in 1959. Although twin calves are not wanted in purebred 
dairy cattle breeding, it is quite different where beef calves are re- 
quested, either from beef-type cows or from commercial dairy cows 
for which “beef’ semen is used. (Jn England and Wales semen of 
“beef’ breeds is used for one-third of all artificial breeding matings. ) 

Abnormal Ovarian Conditions. The failure of cows and heifers to^ 
come into heat may -considerably upset a herd breeding program. 
This phenomenon may result from a variety of conditions affecting 
the functioning of the ovary. A relatively rare cause is one in which 
the ovaries become completely inactive ( anestrous ) ; they are much 
smaller than normal in size and produce neither follicles nor yellow 
bodies. There is some evidence to suggest that this may be caused 
by a low plane of nutrition, which might particularly affect a group 
of young breeding heifers wintered under rough conditions. Im- 
proved nutrition prior to breeding may prevent this state of affairs; 
but if it exists either in a group of heifers or an individual cow, it 
may be overcome by the injection of the follicle-stimulating hormone 
(PMS, 2,000 international units). It is necessary by an examination 
per rectum (Figure 12) to be certain that the ovaries are in the 
anestrous state before using this treatment; for if "still heats’’ ( that is, 
the egg being shed without signs of heat) are occurring and there 
is a corpus luteum in the ovary, there is the danger that two or more 
eggs may be shed. 

In individual cases and for a reason not yet understood, the yellow 
body may persist in the ovary in the absence of conception. In this 
state the ovary cannot return to lire follicular phase, and the yellow 
body has to be expelled (per rectum) before it may be resumed. 
In tlie majority of cases ovulation and heat occur two or four days 
after the operation. An ovary in which the follicle has become cystic 
. and from which the egg is unable to be e.xpelled may also be treated 
in this way. In the former case the s>mptom is an absence of heat, 
and in the latter this, too, or a prolongation of heat or a frequent 
series of cstrous periods. 

With regard to other types of infertility in cows, it, is true to say 
that artificial insemination experience has had a very sobering effect 
on many theories that nourished before this new body of experience 
became available. Inseminators will be puzzled by goods results in 
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herds m which the physical condition of the cows and even the state 
of the breeding passage leave much to be desired, and, on the other 
hand, by poor results in clean, well managed herds m which all 
factors appear to be normal In general it is true to say that both 
under- and overfeeding are enemies of normal fertility, and the ideal 
state IS one m which the animal is m a hard thriving condition 
Further research alone can provide the answers to problems to which 
these explanations and generalizations do not apply 
In pregnancy in the cow the blastocyst stage lasts until about 18 
da)S and the embryonic until about six and one half months, during 
which time the growth of fetal membranes is relatively greater than 
that of the embryo In the last two months of pregnancy— the fetal 
stage— this is reversed, the fetus growing more rapidly 
It IS m the first and the earher part of the second stages of preg- 
nancy tha^emhryomcdea^^ and this is mainly responsible 
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for the initial non-return rate (30 to 60-day) and the further decline 
of about 10 points that occurs up to the 90 to 120-day non-return in- 
dex for the same group of females. The cause is unknown: One 
theory associates the phenomenon with a lack of a substance in the 
uterine secretions. 

A practical result of this pregnancy defect is that a “population” 
of cows in a variety of farm conditions imposes a “fertility barrier” 
beyond which differences in "male fertility cannot be demonstrated. 
Figure 13 shows, for more than 1,000 bulls with non-return rates 
(90 to 120-day) calculated for not fewer than 500 cows each that the 
barrier exists at around 78 per cent. Relative degrees of male fertility 
between this and the upper limit will need to be detected in some 
other way, and this may be important in discovering the cause of 
differential response to freezing of semen among bulls with fairly 
similar non-return rates with liquid semen. 



CtlAPTER 

3 


Evaluation of Semen 
by Chemical Analysis 


T, MANN 

Whereas the early investigations on semen were chiefly concerned 
vath morphological aspects, the more recent developments are the 
outcome of studies m several other fields of science, among them 
biochemistry The voluminous bterature pertaining to the subject 
of biochemistry of semen, including the secretions of male accessory 
organs, has been reviewed m recent years on several occasions, both 
in a monograph (hfann, 1934) and m review articles (Mann and 
Lutwah Mann, 1951, Mann. 1959) Data pertaining to more im- 
portant chemical substances that occur m semen are summarized in 
Table III 

The purpose of this chapter is to give a brief account of chemical 
methods used at pr»enl in the evaluation of semen, and to discuss 
m general the problem of assessing the male reproductive functions 
by means of the biochemical procedures 

SPERMATOZOA 

The two components of whole semen, that is, spermatozoa and 
seminal plasma, each possess a very characteristic chemical com 
^sition The mam chemical constituents of the spermatozoa are 
deoxynbonucleopiolem, in the sperm nucleus, protem-bound muco 
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polysaccharide, in the acrosome; aldehydrogenic lipid (plasmal- 
ogen), in the midpiece and tail; keratin-like proteins, which com- 
pose the spenn membrane and fibrils; and a variety of enzymes and 
coenzymes, which control the motility and metabolic activity of 
spermatozoa. 

Veoxyribonucleoprotein. The sperm nucleoprotein is composed 
of deoxyribonucleic acid linked to a basic protein. Although present 
in the sperm nuclei of all species, the deoxyribonucleic acid is not 
identical in every species; it differs significantly with regard to the 
proportion of the four main bases, namely, adenine, guanine, cytosine, 
and thymine. Similarly, the protein to which deoxyribonucleic acid 
is bound, although generally rich in basic amino acids, particularly 
arginine, differs from one species to another. Moreover, recent evi- 
dence indicates that some deviations from the normal content and 
composition of tlie sperm deoxyribonucleoprotein occur in sperma- 
tozoa from subfertile individuals. 

The determination of nucleic acid in spermatozoa can be car- 
ried out by several methods; the most commonly used is that based 
on the analysis of nucleic acid phosphorus content (Schmidt and 
Thannhauser, 1945; Schneider, 1945). The recent application of 
miorospeotrophotometry to semeii analysis has led to a micromethod 
capable of determining accurately the amount of deo.xyribonucleic 
acid in single spermatozoa { Leuchtenberger and Leuchtenberger, 
1958). 

Acrosomal Polysaccharide. The acroSome contains a characteristic 
protein-bound polysaccharide which is responsible for the periodic 
acid-Schiff staining reaction (PAS) of spermatozoa. Chemical anal- 
yses of this polysaccharide have been confined, so far, to a few 
species only. They show that the four main sugar components of tlie 
acrosomal carbohydrate are fucose (a methylpentose ) , g.alactose, 
mannose, and hoxosamine. The function of tlie acrosomal mucopoly- 
saccharide is probably linked with structural ratlier than metabolic 
features of the sperm cell, and may be related to the characteristic 
“swelling” changes which occur in the acrosome as a result of “cold. 

• .shock” or “senescence." 

Vlttsmalogen. The predominant intracellular lipid of spermatozoa 
is of .an aldehydrogenic nature, namely, a choline-containing plasmal- 
ogen. This plasmalogen produces a fatty aldehyde on hydrolysis 
and is re.sponsihIc for the so-called pl.asmal reaction (staining rcac- 
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imn v.ith Schiffs fuchsm-sulfutous acid reagent) characteristic of 
spermatoioa Recent studies indicate that plasmalogen may be the 
substrate for the so called endogenous respiration of spermatozoa 
Lecithin which at one time was credited with being the mam Iipid 
component of the sperm cell, is now known to be more 
pletely absent from spermatozoa Some cholesterol is associated ss itn 
the sperm plasmalogen, and so are small quantities of certain other 
steroids 

The procedure for the determination of plasmalogens in sperma- 
tozoa IS based on the reaction of fatty aldehjde with the Fculgcn 
reagent The )ipid solution prepared by extraction of spermatozoa 
with chloroform methanol or propan 2-ob is evaporated to dryness, 
the residue dissolved in acetic acid, and this solution treated for 
colorimetric determination with Feulgen’s magenta reagent Tlic 
plasmalogen content is calculated from the values obtained in the 
colorimetric determination, with palmitaldehyde os standard (Har- 
tree and Mann, 1939) 

Keratmhice Proteins In addition to the basic protein associated 
with deoxyribonucleic acid, which 1$ confined to the sperm nucleus, 
the spermatozoa contain other proteins, among them a keratm-Iikc 
substance which occurs in the sperm membrane and fibrils, and 
which is cbaracleiized by a high sulfur content This keratin-bke 
protein, which as yet has not been studied to any great extent, may 
be responsible for the remarkable elasticity of the sperm structure 
Enzt^es and Coenzymes Spermatozoa contain a large variety 
of enzymes of hydrolytic and oxidative nature Some of them, such 
as, for example, those of the gjycolyllc cycle, are bound firmly to the 
^erm structure Others, for instance hyaluromdase, are readily re- 
leased by spermatozoa into the surrounding medium and are as- 
sumed to be located close to the ceU surface The list of enzymes 
connected with the respiratory activity of spermatozoa meludcs 

n ar^irae^ ■»'>■■* oridlzes sorbitol to fructose. 

^ - j ^ proauces tree ammonia and hvdrnrpn 

peroxide as oxidation products, lactic dahvi^rnoewnr ^ 
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5 various fatty 
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The cytochrome system of spermatozoa, which plays a pivotal 
role in the oxidative sperm metabolism, is probably concentrated 
mainly in the mitochondrial sheath (broad helix) of the middle 
piece. The components of that system consist of cytochromes a, Oa, 
h, c, and in certain animals also cytochrome e, and account for the 
main bulk of sperm-hematin. In this respect the spermatozoa differ 
markedly from other animal cells, which contain several other hemo- 
proteins. Noteworthy is the extremely low content of catalase in 
spermatozoa. This hemoprotein enz5nne, widely distributed in other 
animal tissues, is practically absent from mammalian spermatozoa. 
Consequently, spermatozoa cannot decompose added hydrogen 
peroxide, and are unable to prevent the accumulation of hydrogen 
peroxide, which can arise in the course of oxidative' reactions and 
which is highly toxic to the sperm cells. 

Among the coenzymes present in spermatozoa, adenosinetriphos- 
phate and diphosphopyridine nucleotide are particularly important. 
The level of adenosinetriphosphate in spermatozoa is related closely 
to the degree of sperm motility. Diphosphopyridine nucleotide plays 
an important role in several oxidoreductive processes, notably in 
the oxidation of phosphoglyceraldehyde to phosphoglyceric acid, 
which constitutes an essential intermediary step in sperm fructolysis. 

SEMINAL PLASMA 

The seminal plasma, which represents the combined secretions 
of the epididymis, vas deferens, prostate, vesiculae seminales, and 
Cowper’s glands, is distinguished by a high content of certain or- 
ganic substances, such as phosphorylcholine, glycerylphosphoryl- 
choline, citric acid, fructose, inositol, sorbitol, ergothioneine, and 
spermine, most of which are not found normally, at least not in large 
quantities, elsewhere in animal tissues and body fluids. Among the 
inorganic constituents of seminal plasma, the high content of potas- 
sium, calcium, and bicarbonate, is particularly worth noting. 

Photphorj/lcJiolinc and GlyccrylphotphorylchoUne.'Whereas the 
semen of man possesses a high content of phosphorylcholine, that 
of the large farm animals abounds in glycerylphosphorylcholine. Ram 
seminal plasma, in particular, has a high concentration of glyccryl- 
phosphoiylcholine, while bull, stallion, and boar seminal plasma 
have a lower concentration. Glycerylphosphorylcholine originates in 
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several accessory organs of reprodiicUon, hut the tpuhclj'rml secre- 
tion IS a particularly rich source of this suhstaiice Gl)Ccr>lphos- 
phorylcholme is fairly stable m semen, and it is not readily attached 
by enzymes present in either the spermatozoa or the seminal plasma 
Phosphorylchohne, on the other hand, is \cry quickly dephos- 
phorylated in human semen, mainly as a result of the action of the 
phosphatase generated by the prostate gland Tlic cnzj'mlc break- 
down of phosphorylchohne, which occurs m liuman semen after 
ejaculation, leads to the formation of free phosphonc acid and 
choline The phosphonc acid thus hberated enters into further chem- 
ical reactions, for example, it combines with spermine to form ciy's- 
talline spermine phosphate Unhke human semen, the semen of farm 
animals contains little or no spermine Glycerylphosphorylcholine 
and phosphorylchohne can be determined in semen either as choline 
(after hydrolysis) or as organically bound acid-solublc phosphate, 
they can be further separated by chromatographic analysis (Daw- 
son, ct aM957) • 


C.lnc Ac.d. In man, etne acid is produced chiefly in the prostate 
gland in the hull, hoar, and stallion it is denied mainly from the 
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fructose during the ejaculation process, that is, at the moment when 
the seminal vesicle secretion is voided. Once it reaches spermatozoa, 
fructose diffuses into the cells, and this marks the onset of fructolysis, 
a process which starts with fructose, continues through a number 
of intermediary reaetions, and ends with'the formation of lactic acid. 

The rate of fructolysis can, therefore, be assessed in two ways, 
either by measuring the amount of fructose which is used up in the 
course of fructolysis or, alternatively, by the determination of lactic 
acid, which is formed as the end product. These determinations re- 
quire 0.02 to 1 ml. of semen, according to the species -and experi- 
mental conditions. Fructose is best determined in protein-free fil- 
trates obtained from semen after the removal of proteins either with 
zinc sulfate and sodium hydroxide or with zinc sulfate and barium 
hydroxide or with ethanol. The aetual colorimetric or photometric 
determination depends on coloi reactions of fructose with keto re- 
agents, such as resorcinol or diphenylamine (Mann, 1948). Lactic 
acid can he determined colorimetrically in protein-free filtrates ob- 
tained by deproteinization of semen either with zinc sulfate and 
barium hydroxide or with trichloroacetic acid (Barker and Summer- 
son, 1941). 

Inositol. A high concentration of inositol is characteristic of boar 
semen and is due to the seminal vesicle secretion. Semen of species 
other than the boar also contains inositol in the seminal plasma but 
in much smaller Concentrations. A sensitive method whereby inositol 
can be determined in semen is a microbiological one. The technique 
depends on measuring the growth of the yeast Klocchera brevis; the 
growth rate of this yeast is proportional to the amount of inositol 
added to the culture mcdiinn, and is assessed turbidometrically 
(Campling and Nixon. 1954; Hartiec, 1957). Tlie bulk of inositol 
present in the seminal plasma occurs in free form. In addition, liow- 
evor, both the spermatozoa and the seminal plasma contain a small 
amount of boiinil inositol. 

Sorbitol. This sugar alcohol, svhich is chemically closely related 
to fructose, occurs in hum.in seminal plasma .and in the plasma of 
animals, such ns the bull, hoar, ram, and stallion. Its concentration 
■can be determined by a comhincsl cnzymic-spectrophotometric 
aiethod based on' the use of an cuzyanc, the sorbitol dehydrogenase 
(King and Mann, 1958). Intact spermatozoa are capable of oxidizing 
sorbitol to fructose.'Thc oxidative conversion of sorbitol to fructose 
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provides tlie spenpatozoa with an additional amount of substrate for 
fructolysis and lactic acid formation. 

Ergothioneine. This sulfur-containing reducing base (betaine of 
thiolhistidine) was discovered in. boar semen but was later shown 
to occur also in tlie semen and male accessory gland secretions of 
the stallion and certain insectivores. Owing to the presence of 
sulfydryl groups, ergothioneine is capable of reducing dichloro- 
phenol-indophenol, iodiiie, and silver nitrate in the cold. It prob- 
ably acts by protecting the protein-lmund sulfydryl groups of sperma- 
tozoa from oxidation. 

Ergothioneine can be determined by several methods, but the 
most convenient one depends on the color reaction with the diazo 
reagent (Hunter, 1951; Mann et al., 1957). 

APPBAISAI. OF MALE nEpnODUCTIVE FUNCTIONS BY THE 
CHEMICAL ANALYSIS OF SEMEN 

The quantitative analysis of the various chemical constituents of 
semen can be conveniently used for the assessment of the gameto- 
genio and androgenic function of the testes, as well as for the evalua- 
tion of a number of other physiological. pi ocesses associated with 
the normal activity of the spermatozoa and male accessory organs 
of reproduction. The examples referred to below are based on our 
observations concerning the chemical characteristics of the semen 
of ram, bull, boar, and stallion. 

Contribution Made by hidioidtial Accessory Organs of Reproduc- 
tion Totcard the Maheup of Whole Semen. A characteristic feature 
of semen, as ejaculated, is the. variability of its composition. This is 
due .mainly to the fact that the contribution made by the sperm 
and thfc various accessory secretions to the entire ejaculate is by 
no means constant but varies greatly even in the same individual. 
Estimations of sperm concentration in ejaculated and epididymal 
semen have made it possible to assess the contribution of the epi- 
didymides toward the volume of the whole ejaculate. Similarly, it 
is possible to evaluate the epididymal contribution by tlie cbcmical 
analysis of glyceiylphosphorylcholine in ejaculated and epididymal 
semen of bull, boar, and stallion, which, as pointed out earlier, is 
derived largely, though not exclusively, from the epididjmal secre- 
tion. 
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mamly in the ampuhae, and cilnc acid mainly in the seminal s csicles. 
Xemical date Jinations of these t«o slibstan^ have proudod 
means for the evaluation of the contnbution of the ampullar glands 
and semmal vesicles, respectively 

Sequence tedh Which the Different rraettnna of Semen Arc 
Formed ond Ejaculated. Both in man and In animals, semen qacula 
tion entails the voiding of different fractions v.hich follow one an- 
other m a definite order of sequence Chemical analysis of semen 
maVes it possible to determine from which part of the reproductive 
tract the vanous fractions have onginated Studies of this kind have 
been performed on the semen of man, bull, boar, and stallion, they 
indicate that the vesicular secretion is delivered usually immediately 
after the spermatozoa Thus a defect in the normal sequence of the 
ejaculatory process or an incomplete ejaculation can be delected and 
assessed quantitatively by the chemical analysis of semen Similarly, 
the absence or occlusion of secretory ducts which provide the normal 
urethral outlet for the vanous accessory organs of reproduction can 
be diagnosed chemically by analysing the contents of the seminal 
constituents which are normally produced in those glands 
Chemical Methods of Semen Analysts in the Lvaluatton of Andro- 
genic Actioity Older methods for assessing the effect of androgens 
on the prostate, seminal vesicles, Cowper's glands, and epididymis 
depended on measuring the size and weight, as well as the mor- 
phological characlenstics of these glands However. examinaUons 
of this kind can only be earned out post mortem, and ate, therefore, 
of limited value, particularly in large animaU This difficulty of 
A ’mine ammal can be over- 
“""J'y the male accessory organs 
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sponse to testosterone administlA’tion, whether by implantation or 
injection. Subsequent studies, particularly with bulls, have pro- 
vided ample proof for the existence of a close interdependence be- 
tween the level of such substances as fructose and citric acid in 
semen and the activity of the male sex hormone in the living animal. 
However, it cannot be emphasized too strongly (cf. Mann, 1956) 
that, in spite of the close correlation between the concentration of 
certain chemical substances in semen and the androgenic activity, 
there are many factors, apart from the testicular hormone, which 
can profoundly influence the process of seminal plasma formation 
in the accessory organs. First of all, one must remember that the 
output in semen of substances such as fructose, citric acid, or ergo- 
thioneine is dependent on the actual size and ’storage capacity of 
the respective organs in which these substances are produced. Blood 
supply and nervous stimuli can play an important role in determin- 
ing the level of secretory activity in the accessory organs. Frequency 
of ejaculation is another factor which must be taken into account, 
since frequently repeated collections of semen are bound to de- 
plete, to some extent, the accessory organs of their secretions. 

Effects of Malnutrition on Male Reproductive Functions. Analysis 
of semen can provide, up to a point, a convenient method for quanti- 
tative assessment of changes produced by underfeeding or malnu- 
trition in the gametogenic and androgenic function of the testes. 
As an example, one may mention the recently conducted investiga- 
tion on identical, male twin calves (Davies, cf al., 1957) which 
showed that underfeeding produces a delay of several months in 
the appearance of fructose and citric acid in the seminal plasma, 
though it causes less delay in the onset of spermatogenesis. It was 
possible to prove that this deleterious effect of inadequate nutrih'on 
on the secretion of fructose and cjtric acid in bovine seminal vesicles 
is due to the absence of adequate stimulation of the maturing testes 
by the gonadotrophic hormone and, consequently, to a lack of andro- 
genic stimulation of the seminal vesicles. Injections of chorionic 
gonadotrophin to the underfed calves cause an immediate appear- 
ance of fructose and citric acid in semen. 

Chemical Criteria for the Rating of Sperm Quality. As yet, we 
possess no data on a single chemical component of semen which 
alone could bo i«ed for the assessment of the fertilizing ability of 
spermatozoa. On the other hand, there exist several chemical and 
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physical methods which now make »t practicable to rate accurately 
sperm motihty Most of the chemical methods a\ai!able at present 
depend on measuring fnictolysis and respiration, the two chief 
metabolic processes in semen, which are correlated largely with 


sperm density and motihty 

Fnictolysis, that is, the progressive disappearance of fructose ac- 
companied bv the formation of lactic acid, can be measured in whole 
semen, suitably diluted, buffered, and incubated at 37° C (Mann, 
1948) In the absence of oxygen, semen depends on fructose as the 
chief source of metabolic energy, and under such conditions normal 
bull spermatozoa metabolize fructose at a rate of approximately 
2 mg /lO’ motile cells per bour, at 37° C Fructose is not utilized, or 
only poorly , either by azoospermic or by necrospermic semen 
It must be emphasized, howoer, that the rate of fnictolysis, 
although closely conelaled with the degree of sperm motility’, does 
not necessarily reflect the fertilizing capacit\ of spermatozoa Tins 
point IS well illustrated by the results of an expenment earned out 
with the semen of a completely infertile Guernsey bull, the ejaculates 
of which contained only decapitated spermatozoa, that is, with 
heads completely separated from the midpiece-tai! portions By 
subjeclmg tl.e semen of this bull to lo« speed centnfugalion .t was 
K! ' one consistmg of immobile sperm 

s f wb ported) motile, tads How- 

h'di’i^re •noo«ned it was found to be 
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which is usually dolennined manometrically, there are certain other 
processes which can be measured chemically and used in the evalua- 
tion of sperm metabolism and motility. In this category is the popu- 
lar “methylene blue reduction test,” which is the outcome of de- 
hydrogenase activity of the semen and depends on the determina- 
tion^of the time taken by a semen sample to reduce (decolorize) a 
definite quantity of added methylene blue. 


CONCLXroiNC REMABKS 

The impact of biochemical methods upon research concerned' 
with the physiology of spermatozoa has been gaining momentum, 
and one can confidently expect further developm'ents in tlie applica- 
tion of chemical methods to the appraisal of semen quality and male 
fertility. When evaluating the chemical findings in semen, it is, 
however, important to remember that the composition of semen is 
subjec.t to considerable variations; and also that an analysis of semen, 
even if restricted to a single experimental animal and carried out. 
under standard conditions, need not always yield the same results. 
It is also wise to refrain from prematurely assigning to every chemi- 
cal constituent of semen a major function in male fertility, and to 
every observed change in semen metabolism a deep significance in 
the process of fertilization. On the whole, the metaboh'c processes in 
semen are more often related to sperm density and motility tlian 
they are to the fertilizing power of spermatozoa. 
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The Role of Hormones 
in Reproduction 


RALPH P. REECE 


In order that a dairy cow return tlie greatest profit to her owner, 
she should calve first at about two years of age and thereafter every 
twelve months during her reproductive life. To make this possible it 
is necessary that the reproductive systems of the cow and tlie bull 
function normally. The rapid increase in the number of cows in- 
seminated artificially each year makes it e.xceedingly important that 
dairymen obtain additional information on the physiology of re- 
production in dairy cattle. 

The early investigations on the physiology of reproduction were 
concerned primarily with an attempt to determine the lole played 
by the nervous system. This was logical since at that time the nervous 
system was the only knowi coordinator of bodily functions. Although 
the work showed that the nervous system was not primarily con- 
cerned in reproduction, nevertlieless the work laid the foundation 
for the hormonal theory which was soon to be propounded. In the 
last twenty years our knowledge has been greatly increased con- 
cerning the part played by hormones in reproduction. 
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EiK)CPlC.E CLA-SOS AKO THEn' SECRCTIONS 

Glands m the body can be placed into one ol tiAO 
mg on the manner in vihicb the secretion is earned from the ^nd 
The glands ,n one group elaborate an eitemal secrebon and toe 
canties of these glands open freely on the surfaM frtm which they 
are denved Such glands are called exocnne ^ands The other group 
IS made up of glands that empty their secietiofns directly into the 
Hood stream and they are termed endocrine glands The secretions 
of the endoenne ^ands, referred to as hormones,' play a most im- 
portant role m reproduction 

Of the endoenne ^ands, the pituitary ^nd, the osanes, the 
testes the adrenals, and the thvroid gland are the ones that are 
mUmatel> concerned v.alh the physiology of reproduction The 
placenta, although not usual!) classified as an endoenne gland, pro- 
duces sev eral hormones 

The Ptfuifary Gland In cattle the pituitary gland is located ven- 
tral to the brain and m a depression m the base of the skull termed 
the sella turaca The sella turcica is situated m the sphenoid bone, 
m the midhne and about equidistant from its anlenor and postenor 
sutures Dorsal to the pituitary, and hetv.een it and the brain, is a 
lough caitilagmous membrane the diaphragma sellae Antenorly 
the pituitary stalk passes through the diaphragma sellae and con- 
nects wth the brain just postenor to the union and crossing of the 
tv .0 optic ner\es The location of the pituitary gland m the goat is 
similar to that in the covv, and this is shown m Figures 14 and 15 
As Qr« might anticipate, the wei^t of the pituitary ^and in 
creases as an animal matures 1 This increase m v.'ei^t of the pitu 
itar) is illustrated m Table IV 

Tbe p.biilary gland 15 composed of bAo major parts which are of 
Importance m repiodncbon These are Ihe anterior lobe and toe 
^erior lobe In the embryo the anterior lobe and toe postenor 
lobe develop frM different regions, nevertheless, at the end of 

PatoaUy envelops toe 
posterior lobe to conststnte p.in.lary gland The antenor lobe 


‘to let in motion ' 
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Table R Total avd Antemoh Lobe \\ eight of the 
Bomve PiTLiTAHY Gland 


Group 


Fetal 

56-140 daA'> 

141 2S3da)!, 

Calf 

t p to and including 3 
months 

4 to 11 months 
Heifer« 

Steers 

Bulla 

11 to 24 months 
Heifers 
Steers 
Bulls 

Cow'S 2 A ears and o\ er 


Source Reece and Turrer 


No of 
ghnti* 

4r irhole 
pltutlary 
veujfd 
tgram^) 

^o of 
glandi 

dr anlfTjor 
piluilarij 
weight 
(grams) 

jl 

0 tM3I 

22 

0 047S 

32 

0 022S 

7 

0 020G 

19 

0 0733 

■’ 

0 0C05 

>2 

0 64S5 

22 

0 4902 

234 

0 9(12 *» 

234 

0 0973 

139 

0 NS9S 

139 

0 l>SS3 

C7 

0 9009 

67 

0 7392 

2.S 

0 S231 

2S 

0 0425 

163 

1 1390 

103 

0 925S 

114 

1 la'vo 

114 

0 9050 

42 

1 2104 

42 

0 97b7 

“ 

1 1920 

7 

0 9458 

72 

1 7>j07 

72 

1 4902 
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irregularly shaped celk proiideTrM-'h'n"' sp.ndlc shaped and 
icytes) delicate processes (pitu* 
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scCTeted by the posterior lobe of th ' 7 possibly two 

nntenorlobeare ( 1 ) the folUcle sttutomgTo ®'“'’ 

ghormone (convenientlv 
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referred to as FSH), which causes the ovarian follicle to ripen and 
stimulates formation of spermatozoa in the testicles; (2) the luteiniz- 
ing hormone (referred to as LH), which, in conjunction with FSH, 
stimulates the ovarian follicles to secrete estrogen and rupture (ovu- 
late), stimulates the secretion of androgen by the Leydig cells of 
the testis, and, by itself, causes the formation of the corpus luteuin 
(yellow body) in the ovary; (3) the lactogenic hormone (also 
termed lactogen), which induces milk secretion in suitably prepared 
mammary glands and stimulates the functional activity of tlie corpus 
luteum, that i§, it stimulates the corpus luteum to secrete progester. 
one; (4) the adrenotrophic hormone, which stimulates the cortejt 
(outer region) of the adrenal gland; and (5) the thyrotrophic hor- 
mone, which stimulates the thyroid gland. A hormone of the pos- 
terior lobe of the pituitary gland that is concerned in the physiology 
of reproduction is oxytocin, which causes contraction of the smooth 
muscle of the uterus. Since posterior lobe extracts, both oxytocin 
and the vasopressor principle, can cause the contraction of the 
myoepithelial cells of the mammary gland, it is perhaps best to refer 
to the active agent simply as pituitrin. 

The Adrenal Glands. The adrenals lie just anterior to each kidney. 
In the dairy cow the average weight of the adrenal glands is 31.4 gm. 
(Swett et at, 1937).' The adrenals are believed to have the richest 
blood supply of any gland in the body. Tliey consist of two parts, 
the cortex and the medulla, which are distinct in origin and structure. 
In mammals the cortex is of mesodermal origin, but the medulla 
is derived from the ectoderm. Structurally, the cortex consists of 
cells with many sides arranged in three zones. The medulla consists 
of irregularly shaped cells in relation to large vascular spaces, and 
the cells stain dark brown with chromic acid; therefore, it is some-. 
times referred to as chromophilic or chromaffin tissue. It is the cortex 
of tlie adrenals that is of interest to us in the physiology of repro 
duction, especially lactation. As a matter of fact, the medulla can 
be spared without endangering life or interfering with normal 
existence. 

A number of hormones have been obtained in pure form from 
the adrenal glands, and several of them have been synthesized in 
the laboratory. Since none of the isolated hormones funiishes com- 
plete replacement therapy for the adrenal glands, whereas an cx- 

•Tliis figure is nn ascrage computed from liie breed averages reported by 
Swell ft at. 
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tract of the glands does, ^\e shall refer to such an extract as the 
adrenal cortical hormone The adrenal cortical hormone influences 


ihebodj inanumberof\%a\s in lactation, however, we are primarily 
concerned with the role it plajs in the handling of carbohydrates m 
the bod> and its regulation of the sodium and water content of the 
blood Although it is not knowm what part the hormones of the 
adrenal gland miv exert in the control of the estroiis cycle and in 
pregnancy, it is possible lint thej mav have a supplementary action 
Androgenic hormones have l>een isolated from the adrenal cortex, 
and, at times, carl) sexual matunly and masaihnizalion m the ma- 
ture female arc associated with tumors of the adrenal cortex 
The Thyroid Gland The thjTOid gland consists of two lateral lobes 
vsbich are situated on each side of the trachea cither near to or in 


contact with the larjnx The two lateral lobes are usually joined by 
an isthmus The gland has an abundant blood suppl), is firm m tex- 
ture, and IS pale red in color In the dair> cow the average weight of 
thethv70idglandis329gm {Swell el 01,1937) * Tlic thvToid gland 
?r j pharynx and therefore onginates from 

he endoderm mToid tissue consists of sphencal % esicles sshich are 
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or ova and tlie secretion of three hormones; (1) an estrogen, (2) 
progesterone, and (3) relaxin. Estrogens induce growth of the va- 
gina, uterus. Fallopian tubes, and the duct system of the mammary 
glands. They also begin the preparation of the lining of the uterus 
for the reception of the fertilized egg. Progesterone completes the 
preparation of the utems for the fertilized egg, keeps the uterus in 
a quiescent state during pregnancy, and in conjunction with estrogen 
it induces the development of'the lobule-alveolar system of the mam- 
mary glands. Relaxation of the pubic ligaments at the time of 
parturition may he dependent upon the action of relaxin. 

The Testes. The testes, like the ovaries, perform two major func- 
tions. They produce spermatozoa and secrete androgens. The andro- 
gen secreted by the testis is probably testosterone and has been 
identified as such in the bull, stallion, and boar. Androgens elicit 
growth of the genitalia and maintain them in a functional state. They 
produce secondary sexual characteristics, such as the crest in a 
bull’s neck, and stimulate sex drive. Androgen may also aid the testes 
in the formation of spermatozoa. 

The Placenta. It was indicated earlier that the placenta is not 
usually classified as an^ endocrine gland, but it does secrete several 
hormones. The placenta of primates secretes a gonadotrophic hor- 
. mono whose action is similar to, but not identical with, that of 
the luteinizing hormone of the anterior lobe of the pituitary gland. 
This hormone secreted by the primate placenta is usually referred 
to as chorionic gonadotrophin. In the mare the endometrial cups of 
the uterus secrete a gonadotrophic hormone which can be obtained 
from the blood senim and is commonly called pregnant njare serum 
or PMS. The action of PMS on the gonads is intimately related to 
dosage. The placenta secretes considerable quantities of estrogen, 
and there is some evidence that it secretes progesterone. It secretes 
another hormone, the luteotrophic hormone, which maintains the 
functional activity of the corpus lutcum. It would appear, therefore, 
that the main hormonal function of the placenta is to induce the 
production of progesterone by the corpus luteum and to secrete pro- 
gesterone, which supplements or replaces that secreted by the corpus 
luteum. 
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HORMOKES REGULATING REPRODUCTION 

It was known man> years ago that certain glands m the body 
\sere able to influence other parts of the body by secreting chemical 
substances and discharging them into the blood Berthold (1849) 
showed that the testis was not dependent upon specific nerves to 
maintain its control of the secondary sex characters, but that its 
mfluence was exerted through the blood Knauer (1900) showed 
that grafted ovaries pre\ ented the occurrence of castrate atrophy 
Experimental e\ndence began to accumulate in 1897 (Turner, 
1933) demonstratmg that the nerves were not pnmanly concerned 
in stimulating the growth of the mammary gland and in the initiation 
of lactahon A pituitary gonad relationship was suggested by 
Fichera’s work (1905). which showed that the pituitary gland en- 
larged after spaymg or castration m gumea pigs, rabbiU, cattle, buf- 
fal^ and cocks It remained, however for P E Smith (1926,1927) 
to d^onstrate wncli^velj that the antenor lobe of the pituitary 
^nd mamtamed and controlled the acbvity of the ovanes and 
tMtes Md M a result indirectly influenced other reproductive organs 
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have been utilized for the detection of estrus in cattle ( Scott Blair 
et al., 1941). Estrogen induces uterine growth and begins the prep- 
aration of the uterine lining (endometrium) so that it will be in a 
suitable condition to receive the fertilized egg (zygote). 

Estrogen reacts on the anterior lobe of the pituitary gland and 
suppresses the discharge of FSH. It brings about, however, the dis- 
charge of the luteinizing hormone, which, in conjunction with FSH, 
causes the ovum or ova to be shed from the ovary; that is, it induces 
ovulation. The results of recent work in dairy heifers suggest that 
progesterone may play some role in ovulation (Hansel and Trim- 
berger, 1951). The injection of 5 to 10 mg. of progesterone at the 
beginning of estrus resulted in a reduction of time from the end of 
estrus to ovulation. The responses to progesterone treatment were 
somewhat variable, however, the average time elapsing between 
the end of estrus and ovulation was only half as great in the pro- 
gesterone-treated periods as m the control periods. Ovulation is 
the most important event in the estrous cycle, and it usually occurs 
near the end or shortly after the termination of estrus, depending 
upon the species. 

When an animal is to be inseminated, the insemination should 
be done prior to the time of ovulation. It was once believed that 
it required four or five hours for spermatozoa to reach the Fallopian 
tube and that this travel time accounted for the need to inseminate 
prior to ovulation. Evidence is now available, however, indicating 
that spermatozoa arrive in the ampulla of the Fallopian tube within 
five minutes after insemination. This necessity for insemination be- 
fore ovulation is now explained on the basis that spermatozoa acquire 
the ability to fertilize ova after deposition in the female tract. This 
phenomenon is referred to as capacitation and requires about six 
hours in rabbits and rats. Following ovulation, ova retain their ability 
to be fertilized for only a short period, and the life of sperm following 
insemiiiation is somewhat longer. 

A new type of tissue, lutein tissue, forms in the Graafian follicle 
after ovulation, under the stimulus of LH. Tliis structure is termed 
a corpus luteum, commonly called a yellow body, which secretes 
progesterone. Progesterone acts on tlie anterior lolre of the pituitary 
gland and inhibits the discharge of LH in quantities sufficient to 
Induce follicular maturation and ovulation. Therefore, as long as 
progesterone is present in the blood in sufficient quantities, mature 



54 Artijicial Insemtnatton of Farm Animals 

follicles do not form, and estrogen production is impeded In addi- 
tion, progesterone completes the preparation of the endometrium 
(progestational proliferation) for the reception of the fertilized ova 
If the animal is not mated or if conception does not occur, the 
corpora lutea regress, w ith the result that progesterone is no longer 
produced There are exceptions to this statement, in the bitch ovula- 
tion takes place spontaneously, and m many mslances the corpora 
lutea will remain functional for a period of time (a Condition called 
pseudopregnancy) about equal to the duration of pregnancy even 
though the bitch is not mated With the decrease in the level of 
progesterone in the blood the pituitary is freed from the inhibitory 
action of progesterone, and this results m the repetition of the series 
of events just described 

The term Iireedmg season" is usually used to designate the time 
or times of year dunng which the reproductive organs exhibit a 
special activity Those animals that experience estrous cycles 
throughout the year, cattle for example, are referred to as polyestrous 
animals In certain animals (sheep), estrous periods recur but for 
only a part of thC year, and such animals are called seasonally poly- 
cstiom animals In other animals estrus does not recur dunng the 
<J“'gnaled as monoestrous 
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ovary is functionally more active than the left ovary, and this dif- 
ference in functional activity accounts for the fact that a greater 
number of pregnancies occur in the right uterine horn than in the 
left horn (Reece and Turner, 1938). 

Pregnancy and Parturition. If an animal is mated shortly before 
ovulation and the ova are fertilized, the corpora lutea persist and 
secrete progesterone. In those animals in which pseudopregnancy 
can be induced by a sterile mating, it is probable that the nervous 
stimulation from mating activates the anterior lobe of the pituitary 
gland to secrete and discharge the lactogenic hormone (also called 
luteotrophic hormone), which stimulates progesterone formation 
by the corpora lutea. When the ova are fertilized, it is not known 
what causes the corpora lutea to persist in those animals in which 
pseudopregnancy cannot be induced by a sterile mating. In other 
words, how the corpora lutea "know” that the ova were fertilized 
remains an unsolved problem in endocrinology. It seems probable, 
however, that the pituitary gland is responsible for maintaining the 
functional activity of the corpora lutea during the first half of 
pregnancy, since its removal results in fetal resorption and the 
placenta secretes a luteotrophic factor which maintains the corpus 
luteum during the latter part of a pregnancy. 

Progesterone completes the preparation of the uterus for the im- 
plantation of ova, and in all species studied the ovaries must remain 
intact if implantation is to take place. Progesterone stimulates the 
growth and secretion of the uterine glands, the secretion of which 
(uterine milk) serves as a nutrient medium for the dividing ovum 
until the maternal placenta and fetal placenta make contact. In 
the cow, it has been shown that 33 days after ovulation there is a 
very fragile attachment between the maternal and fetal tissue at 
three or four of the caruncles immediately surrounding the embryo 
(Melton et al., 1931). In addition, placental formation and mainte- 
nance depend upon the action of progesterone and estrogen, and 
the two hormones must be present in proper proportions. Tlie muscu- 
lar coats of tlic uterus are maintained in a quiescent state by proges- 
terone, thus preventing the uterus from discharging its products of 
conception. 

In certain animals (guinea pig. mare, and woman) the ovaries 
arc not necessary for the continuation of pregnancy during its latter 
half. In such cases it would appear tliat the placenta is capable of 
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secreting sufBcient progesterone for the maintenance of pregnancy 
In other animals (cow and sheep, for example) abortion results if 
either the ovaries or the corpora lutea are removed When the ovaries 
are necessary for the maintenance of pregnancy, their corpora lutea 
remain in a functional state dntil die approach of parturition At this 
time tlie corpora lutea regress, and the level of progesterone in the 
blood decreases The placenta may, even m those animals in which 
the ovaries are necessary for thf* maintenance of pregnancy, secrete 
progesterone to supplement that secreted by the ovaries For ex- 
ample, material exhibiting the activities of progesterone has been ob- 
tained from cow’s placenta (Adler et al , 19S4) There is some evi- 
dence indicating that 75 mg of progesterone injected subcutaneously 
daily will maintain pregnancy m Holstein Fnesian heifers following 
the removal of the corpus luteum in the early stages of pregnancy 
(Raeside and Turner, 1951) In goats it has been shown that 25 mg 
of progesterone daily adequately substitute for the corpora lutea 
during the last third of pregnancy (Meites et al , 1948) 

Animals, as a general rule, do not come into estrus during preg- 
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the action of oxytocin, a hormone of the posterior lobe of the pitu- 
itary gland, on the uterine muscle. On the other hand, the amount 
of estrogen excreted in the urine increases until parturition occurs. 
•Estrogen causes rhythmic contraction of the uterine musculature 
and also sensitizes tlie uterine muscle to oxytocin, which has the 
ability to cause the uterine muscle cells to contract. The onset of 
parturition, therefore, occurs at a time when estrogen production 
is high and progesterone production is declining. The ratio of estro- 
gen to progesterone is probably the determining factor, since the 
injection of estrogen can interrupt an established pregnancy even 
though progesterone is being produced. These injections change the 
estrogen-progesterone ratio, and as a result an abortion oecurs. 

A third ovarian hormone, relaxin, eomes into play near the end of 
pregnancy. The pelvic ligaments, following their sensitization by 
estrogen, are caused to relax by relaxin, and this results in a widening 
of the birth canal, which makes easier the expulsion of the fetus. The 
relaxation of the ligaments around the tail head, long known to be 
a sign of approaching parturition, is a result of relaxin action. 

Vdder Growth. Although little grandular tissue is present in the 
fetal udder, its form and teat placement have been determined, and 
macroscopically it has the appearance of a miniature udder. At birth 
the primary milk ducts extend only a short distance from the gland 
cistern. During the prepubertal period there is a gradual extension 
of the duct system and an increase in adipose and connective tissue. 
Well-fed heifer calves may show a considerable increase in udder 
size; this, however, is largely a result of fat deposition. 

With the onset of puberty the estrogen secreted by the Graafian 
follicle stimulates the growth of tire duct system of the udder.” This 
estrogenic action is brought about in two ways: first by direct action 
on tlic udder, and second by an indirect action. In its direct action 
estrogen causes more blood to flow to the udder, which may be 
associated with an increased permeability of the blood capillaries. 
This direct action in itself is not sufficient to induce duct growth, 
since estrogens are inelTective in animals from which the pituitary 
gland has been removed. Indirectly, estrogen stimulates the anterior 
lobe of the pituitary gland to secrete lactogen, and this hormone, 
cooperating with estrogen, induces duct growtli. Witli each recurring 

• The duct s>'stem of the udder may lie looVed upon ns the conveyiuB system 
of the udder, tile ducts also scree a's a storage system. 
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estrous cycle there is additional growth of the duct system, and the 
extensiveness of duct dev elopmenl at the time of conception, ■within 
any one animal, depends upon the number of estrous cycles ex- 
perienced by that animal 

In animals that hav e had a number of estrous periods before con- 
ception there is probably not much additional growth of the duct sys- 
tem, but if conception occurs soon after sexual maturity is attained 
there may be considerable duct growth in the early stages of preg- 
nancy The striking change in the mammary glands during three- 
quarters of pregnancy is the formation of the secretory units, the 
alveoh, at the ends of the terminal ducts A group of alveoh is sur- 
rovmded by a thin band of connective tissue, and such a structure is 
termed a lobule In turn a number of lobules are surrounded by a 
thicker hand of connective tissue, and such a structure is called a 
lobe The lobules ate usually referred to as the lobule alveolar sys- 
tem of the mammary gland 


The development of the lobule alveolar system of the mammary 
gland IS brought about by two ovarian hormones, estrogen and 
progesterone, and a hormone of the anterior lobe of the pituitary 
gland As in duct development, the action of estrogen, as well as 
progesterone, in lobule alveolar development is not entirely a direct 
action, since they fail to induce lobule alveolar growth ,n an animal 
whose pituitary has been removed These ovanan hormones appear 
to stimu ate the pituitary gland to secrete a hormone which aejs in 
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Lactation. Immediately following parturition there is a great surge 
of secretory activity in the mammary glands. This secretory activity 
is induced by the discharge of lactogen from the pituitary gland, 
and this initial discharge is not dependent upon the stimulus of 
suckling. After lactation is established, the discharge of lactogen 
from the pituitary gland is dependent upon the stimulus of suckh'ng 
or milking (Reece and Turner, 1937). 

Lactogen alone will neither initiate nor maintain lactation in an 
animal from which the pituitary gland has been removed. There 
are, therefore, other pituitary hormones which play a, role in lacta- 
tion. The adrenotrophic hormone stimulates the cortex of the adrenal 
glands to secrete the adrenal cortical hormone which is necessary for 
lactation. Thyroxine, although it is not necessary for lactation, aug- 
ments the level of milk production, and its secretion is under the 
control of the thyrotrophic hormone of the pituitary gland. When 
milking or suckling is stopped, nervous impulses no longer reach 
the pituitary gland to bring about the discharge of the lactogenic 
hormone; and as a result the secretory activity of the mammary 
' glands soon subsides. 

Milk ejection or removal is under hormonal and nervous control. 
Washing the udder, fore-stripping, or the milking act itself initiates 
nervous impulses that are conveyed to the posterior lobe of the 
pituitary gland, where they stimulate the discharge of pituitrin. 
Pituitrin is carried in the blood to the udder, where it brings about 
the contraction of the myoepithelium of the mammary gland. When 
these events occur, one says that the milk has been ‘let-down.” It 
is then possible to remove all except two or three pounds of residual 
milk from the mammary glands. 

HORMONES IN THE MAIX 

At birth spermatozoa are not present in the testis. As an animal 
grows, increasing amounts of pituitary FSH are secreted, and this 
stimulates the formation of spermatozoa. The pituitary then secretes 
LH, a hormone that brings about the secretion of androgen by the 
Leydig cells, which .lie between the seminiferous tubules. If andro- 
gen secretion reaches a certain level, it reacts on the anterior lobe of 
the pituitary gland and decreases the formation of the gonadotrophic 
hormones; otherwise, the testis and the pituitary gland appear to 
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be m a state of equilibrium A decrease in the secretion of gonado- 
trophic hormones results in the production of less androgen by the 
Le) dig cells and fewer spermato7oa by the seminiferous tubules The 
lowered level of androgen secretion permits the pituitary gland to 
secrete additional quantities of gonadotrophic hormones, which 
again stimulate androgen secretion and spermatozoa formation Thus 
it IS seen that testis function is controlled by the reciprocal action 
of the pituitary and the testis In males that mate throughout the 
year, there is a rather constant rate of gonadotrophic hormone se- 
cretion On the other hand in seasonal breeders the rate of secretion 
of the gonadotrophic hormones (FSH and LH) decreases rapidly 
after the breeding season and remains low until the approach of the 
next breeding season At this time a factor, usually environmental 
in nature, stimulates the pituitary to secrete FSH and LH. aW these 
hormones enable the testis to become functional again 
In certain species the thyroid gland plays an important role m the 
physiology of reproduction It has been shown that tlie high tern- 
perature of summer induces a decrease in the number of spermatozoa 
and a marked increase in the number of abnormal spermatozoa m 
ram semen That the thyroid gland is involved in thL changes of 
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circumstance is that of a cryptorchid animal. The development of 
male-like characteristics is dependent upon androgen secretion, and 
it is possible that androgen may aid the testis in sperm formation. 

Sex drive is largely controlled by androgen, but other factors enter 
into the picture. Some of these factors have been brought to the fore- 
ground by artificial insemination programs (Hart ct ah, 1946). Tire 
psychical effect on bulls of nonestrous cows is much less than that of 
estrous cows. There is an odor from the estrous cow that attracts and 
psychically stimulates the bull under the conditions of artificial in- 
semination. The resulting stimulation is so marked that many bulls 
that appear to be impotent breed immediately. 


HOHXrONAL THERAPY IN CATTLE 

Although hormones are intimately concerned in reproduetive 
processes, hormonal imbalance is not the major factor in the repro- 
ductive failure of farm animals. Unquestionably, infection is re- 
sponsible for a greater number of these failures. There are times, 
however, when it may be definitely advantageous to resort to hor- 
monal therapy, and each day a greater number of persons are be- 
coming aware of this fact. Despite a decidedly favorable physiologi- 
cal response to hormonal therapy, in some instances it is evident that 
economic considerations enter into the picture. For example, it may 
be economically unsound to use a certain hormone on commercial 
herds, whereas it may be decidedly advantageous to use the hormone 
On valuable breeding animals. 

Cows Failing to Conceive after Repeated Service. From a repro- 
ductive point of view, probably the greatest loss to the dairy fanner 
is brought about by tliosc cows that successfully terminate a normal 
gestation period only after repeated service. In repeat breeders, 
fertilization may or may not take place. Fertilization may fail to 
occur for several reasons. Ovulation and insemination may not have 
been properly synchronized; ovulation may occur while the cow is 
still in cstrus, and again it may not occur until 26 hours after the 
cessation of estrus (Brewster et ah, 1940). A majority of cows, how- 
ever, will ovulate from 12 to 15 hours after the cessation of estnis. 
Unfortunately, many dairymen are unable to utilize this information 
in the insemination of their cows, since they do not have the time 
to determine when estrus begins or when it ends. In the winter tliey 
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are probably fortunate if they are able to detect those cows that are 
in estrus It is also possible that cycles may occur in tlie cow without 
ovulation {anovulatory cycles), and this is probably the result of 
the failure of the pituitary gland to secrete sufficient LH Finally, 
luteinization of the follicle may take place too rapidly, and as a 
result the ovum is imprisoned in the follicle An excess of LH appears 
to be responsible for such a condition 
There is some evidence that the hormonal treatment of cows show- 


ing regular estrous cycles but failing to conceive may be advantage- 
ous A group of such cows was subjected to chonomc gonadotrophin 
therapy by Bottomley ef (1940) The treatment consisted of three 
intramuscular injections of 1,000 rat units each, with the first injec- 
tion being made on the day of service and the remaining injections 
being given at two day intervals The services of experimental cows 
were classified as treated and untreated The group of treated serv- 
ices mcluded not only the services when chorionic gonadotrophin 
was administered but also the subsequent service, provided that the 
latter occurred within 28 days Of 30 treated services, 56 7 per cent 
were effective, whereas only 69 per cent of untreated services were 
effective The percentage of effective treated services of the experi- 
mernal cows was sim.lar to that of a group of normal cows 
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tion of 20,000 or 30,000 rat units of estradiol benzoate, and, following 
mating, if conception did not occur, an anterior pituitary extract was 
injected alone. In the treated group, 42.9 per cent of the cows con- 
ceived and calved, as compared with 50 per cent in the nontreated 
group. 

Although administered gonadotrophins appear to be effective in 
cows failing to conceive following repeated service, nevertheless, 
definite recommendations cannot be made" until properly controlled 
experiments have been carried out. 

Preliminary observations indicate that progesterone administra- 
tion following insemination may increase the conception rate in cattle 
free from detectable infection 'and other reproductive abnormalities, 
Eighty-two treated animals had a first-service conception of 70.7 per 
cent, whereas 84 controls had only 46.4 per cent (Johnson, 1958). . 

Some studies have been conducted to determine the cause of re- 
productive failures in cows of low fertility (Tanabe and Casida, 
1948). The reproductive performance during the first 34 days after 
breeding of a group of 104 cows, each of which had been bred 
four to thirteen times, showed: (1) fertilization failed to occur in 
39.7 per cent; (2) embryonic abnormalities and mortality in 39.2 
per cent; and (3) normal embryos in 21.1 per cent. 

Anestrous Cattle. Animals that fail to come into estnis should be 
divided into two groups-. (1) tlxbse with uonfunctioual ovaries and 
(2) those with corpora lutea in their ovaries. 

Estrogens have been used more extensively in cows with non- 
functional ovaries than perhaps any other hormone. Claims were 
made not only for the induction of estrus but also for the initiation 
of the estrous cycle. A summary (Recce, 1945) of the more recent 
literature indicated that estrogens were effective in anestrous eattle. 
Following the synthesis of a cheap synthetic estrogen by English 
workers, it was possible to use estrogen on a larger number of ani- 
mals. The early reports on the use of this synthetic estrogen, stil- 
bcstrol, were very favorable; but it now seems certain that stilbeslrol, 
or any estrogen ns far as that is concerned, will not fulfill its early 
promise. Estrogens do have the ability to induce estrus in anestrous 
animals, but this in itself serves no purpose. The ovaries must be 
activated so that they produce mature follicles which will ovulate. 

Tlie missing factor in anestrous cattle appears to be FSH of the 
pituitnrj' gland. Tlic FSII output of the pituitary gland is intluenccd 
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by the h itritional condition of the animal, and it is interesting to 
note that anestrus is frequently observed in heifers not well fed dur- 
ing the \Mnter months Since FSH is the missing factor in such cases, 
a logical choice of a gonadotrophin would be one rich in FSH 
Gonadotrophic hormones ha\e been tried in anestrous cattle 
The subcutaneous injection of 1,500 international units of PMS ^vlll 
induce cstms and ovulation, with estrus appearing on the second 
or third day after injection (Bhattachar)a et aJ , 1941) In fact, 1,000 
international units of PMS induced estrus m 21 of the 46 cows pre- 
viously exhibiting dormant cslrous c>cles Larger doses should not 
be used, since they may cause ovarian cysts to dev elop 

A gonadotrophic extract prepared from the anterior lobes of horse 
pituitanes consists mainly of FSH, and its use m anestrous animals 
seems to produce satisfactory results Its main drawback is that the 
supply of horse pituitanes is liimted, and as a result such an extract 
may not be available m sufficient quantit) to permit its use on a large 
scale 


Chorionic gonadotrophin has been used and with seemingly good 
results In the early work a small dosage was used, and i* may be 
questionable )ust what part the hormone pla>ed in inducing estrus 
gonadotrophin is similar to 
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early stages of pregnancy, we shall te in a better position to contend 
with this problem. 

The warnings of Bhattacharya el al. (1941) in using PMS in cows 
with corpora lutea in their ovaries are worth attention, since (1) if 
PMS is administered when a corpus luteum' is present, ovarian cysts 
may form, and (2) PMS should never be injected in conjunction 
with the removal of the corpus luteum, as multiple ovulations may 
occur with the danger of multiple births. It should be emphasized 
that even tliough chorionic gonadotrophin induces estrus when an 
active corpus luteum is already present, the newly formed corpora 
lutea do not take control of the cycle (Zawadowsky et al, 1935). 

For the induction of estrus in cows whose ovaries contain corpora 
lutea it appears best to have the corpora lutea expressed manually by 
a competent veterinarian. 

Cystic Ovaries. The ovary of a cow may produce a mature follicle, 
but it may not.ruptu're. The follicle may then increase in size and 
persist, thus forming a cyst. The follicular fluid of these cysts con' 
tains estrogen, although the concentration is less than that fn the 
fluid of normal follicles (Reece and Crowshaw, 1949). In such anb 
mals the estrous cycles become shorter and irregular; and if the con- 
dition is not corrected, the animal is likely to take on the character- 
istics and behavior of a bull. 

■ It is known that LH plays a major role in the induction of ovula^ 
Bon, and it is believed that the ovaries of certain cows become cystic 
because their pituitary glands are not secreting sufficient LH. There- 
fore, it should be possible to correct-a cystic condition by the in- 
jection of LH, and this seejiis to be the case. The subcutaneous in- 
jection of 10,000 international units of chorionic gonadotrophin or 
the intravenous injection of an extract prepared from sheep pitui- 
tapes is effective. " 

Retained Placenta, In certain herds the retention of the fetal mem- 
branes creatcs_a serious problem. The retention of fetal membranes 
usually results not only in greater difficulty in getting the cows with 
calf but also in lowered milk production. 

Since estrogens and pituitrin have the ability to induce uterine 
contraction, it .seemed logical to use them in an attempt to expel the 
fetal membranes. Soon after slillrestrol became available to tlie vet- 
crinar)' profession, case reports appeared in the literature indicating 
the effectiveness of estrogen in bringing about the expulsion of the 



66 Artificial Insemination of Farm Animals 


fetal membranes More recent >\ork howe\er, indicates that estro- 
gens are unable to expel fetal membranes uhich are firmly attached 
Moore (1946a) injected stilbestrol into 43 cows that had retained 
placenta A careful manual examination of the uterus was made in 
each case The animals were injected with 30 to 80 mg of stilbestrol 
when it was thought that the placenta was too firml> attached to 
come awa> b> itself in 48 hours In some anfmals the dose was re- 
peated from one to three times The fetal membranes were not 
removed manuall) so long as it was thought that they could Ikj left 
without endangering the life of the animal In eight cases the pbiccnla 
eventually cume away unaided, hut in the remaining 35 ciiscs it was 
necessary /o remove it manual!) 


Since placental retention in Uie cow is iisuall) associated with 
pathological changes m the cotyledons, it is not surprising that estro- 
gCM have been of little value in inducing placental cspiilsioii 
PHomefm Estrogens appear to be cncctnc in cases of pyometra 
They dilate the cervir and stimulate iitcrine contraction, and these 
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ception following treatment. In the noninjected group an average 
of 144.8 days elapsed from parturition to the following coneeption, 
In pyometra, where prolonged stimulation of the uterus is desir- 
able, a dipropionate, either sfilbestrol dipropionate or estradiol di- 
propionate, should be the estrogen of choice. 

Mummified Fetus. If the placenta becomes nonfunctional at cer- 
tain stages of pregnancy, the fetus is retained in the uterus and be- 
comes mummified. It is believed that the fetus is retained because 
the blood estrogenic level is not sufiSciently high to set in motion 
those factors operating at parturition. The injection of an estrogen, 
25 mg. of either estradiol dipropionate or stilbestrol dipropionate, 
will usually bring about the expulsion of the mummified fetus. 

Initiation and Maintenance of Lactation. The work on the hor- 
monal control of lactation has clearly shown the role played by the 
lactogenic hormone of the pituitary gland. Copious lactation fol- 
lowed the injection of lactogen in animals with suitably prepared 
mammary glands. The withdrawal of lactogen treatment, however, 
resulted in cessation of lactation even in those cases where the milk 
was removed from the mammary glands. 

In 1937 it was shown that the injection of an estrogenic hormoite 
into ovariectomized rats not only increased the lactogenic hormone 
content of the pituitary gland but also initiated lactation. Later work 
showed that the lactation initiated by estrogenic treatment of rats 
could be maintained, without additional treatment, by the suckling 
influence of a litter. In about 50 per cent of the trials sufiicient milk 
was secreted so that the injected foster mothers were able to rear 
normal litters. 

The synthesis of stilbestrol by English investigators has made 
it possible to attempt initiation of lactation experiments with larger 
animals. The injection of stilbestrol into' heifers usually induces 
growth of the udder and teats, and milk secretion. At times lactation 
Is not initiated until the heifer is stimulated either by milking or by 
a nursing calf. 

In the experiments with dairy heifers, tlie quantity of hormone 
used, the duration of treatment, and the mode of administration have 
varied greatly. Tlie quantity of milk secreted has varied from neg- 
ligible amounts to quantities that would he considered norm.nl fol- 
lowing parturition. A thirty-thrce-month^jld barren Jersey heifer 
that received a total of 273 mg. of stillbestrol dipropionate over a 
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14 week penod produced 8 046 lb of milk and 3S3 lb of buttcrfat 

m305da>s 

The implantation of progesterone and dictbylstilbeslrol pellets 
initiall) appeared to be an effective method of inducing lactation in 
heifers and cows that failed to conceive (Mciles ct al , 1951) Two 
Guernsey heifers implanted with progesterone and dieth>lstilbcstrol 
pellets produced 331 and 323 lb of butlcrfat in 306 dajs Two 
Holstein Fnesian cows received 3 gm of progesterone and 100 mg 
of diethylstiibestrol, followed 90 da)S later by an additional im 
plant of 1^ gm of diethjlstilbestrol On the 120th da> the nonab- 
sorbed pellets were removed, and milking was begun One cow 
reached a dad) peak of 80 lb , and the second cow attained a mati 
mum daily yield of 43 lb Results obtained at the N'*w Jersey Agn 
cultural Expenment Station from pellet implantation, bow ev er, bav e 
been variable indeed, probably due to pellet encapsulation In addi- 
tion favorable responses have not been obtained in the goat (Cowne 
et al , 1932) The milk yields of animals receiving estrogen and 
those receiving estrogen and progesterone did not differ significantly 
In general, the hormonally induced milk yields were below the ex- 
pected yields had the animab come into lactation after kidding 
Although estrogens wiU induce lacUtion m nonpregnant heifers, 
th^ Will not mcrease the production of lactaling cows As a matter 
of fact, the administration of either a massive dose or rbpeated in 
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of a bull. It is only when extralionhonal factors require no further 
consideration that one is justified in resorting to hormonal therapy 
in mature bulls. Therapy- should not be used in young bulls, since 
the lack of sex drive or low fertility may be an expression of an 
inherited weakness; and if therapy were successful, jt would prop-' 
agate the weakness. 

Testosterone has the ability to restore the sex drive of an animal, 
but it is not known what any given dosage may do to spermatd- 
genesis. If repeated injections are' not made, however, it is doubtful 
whether there would be any harmful influence on spermatogenesis. 
The injection of a gonadotrophin, either chorionic gonadotrophin or 
PMS, would stimulate the interstitial cells of the testes to secrete 
androgen, and this in turn would augment sex drive. 

A limited amount of experimentation indicates the possibility of 
increasing the sex drive of bulls by the feeding-of thyroprotein. 

Since the injection of FSH into animals from which the pituitary 
gland has been removed will stimulate spermatogenesis, it might 
be expected that similar injections would be beneficial in bulls 
producing semen with a low concentration of spermatozoa. Experi- 
, mental results are too meager, however, to enable one to make 9 
statement on the possibilities of increasing spermatozoa production 
in bulls by the injection of a gonadotrophin. , 

HORMONAL THERAPY JN SHEEP 

Sheep have a definite breeding season. It begins in the latter part 
of August or tlie first part of September, and, in the absence of 
pregnancy, estrus will recur about every 16 days until December or 
January (McKenzie and Terrill, 1937). The period from February 
to August, the time of sexual inactivity, is referred to as the anestrous 
period. Since sheep have an anestrous period, they have been used 
rather extensively to determine the possibility of augmenting fer- 
tility by hormonal administration. Such 'work was given impetus by 
the discovery of Cole and Hart (1930) of a potent gonadotrophin 
in the blood of pregnant mares (PMS). It was soon shown that 
P.MS xvould stimulate the .quiescent orarj’ of the anestrous ewe to 
ovulate and that under certain conditions this was accompanied by 
estrus, mating, and conception (Cole and Miller, 1933). 

Subsequent work showed varying degrees of success with PMS. 
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Perhaps this should have been anticipated, since there were a num- 
ber of variable factors such as (1) breed of sheep, (2) nutritional 
State, (3) time of injection, that is, m early or htc ancstrus, and (4) 
number of injections 

At the New Jersey Agricultunl Lxperunent Station (Van dcr 
Noot cl al , 1946), 177 ancstrous ewes received either one or two in- 
jections of PMS (250 to 3-50 rat units) Of these ewes, 130 came into 
estrus and mated, 22 followang a single injection and U 1 following a 
second injection, which was iisiull) imdc 16 days after the initial 


injection Seventy ewes lambed, 5 of which Ind received one in- 
jection and 65 of which had received two injections 
Treatment of ewes with progesterone followed li) an injection 
of PMS, will induce cslnis and ovulation If tlu se anumls arc mated, 
the majonty will lamb, however, the number of injections required is 
probably too great for practical application 
There is a marhed drop in the potential rcprodnclivc cipacitv of 
raim following Ihc onset of hot weather (McKcnric and Berliner, 
1937), and it they are to hate the desired se* drite it is necessary 

to miKtthemwith a gonadotrophin (O Neal I9M) Hence, rams 

should be iniected wath 50Q rat iinils of PMS about one w eek Iwfore 
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Agricultural Experiment Station by making eight weekly subcutane- 
ous injections of 5 mg. of estradiol dipropionate. 


HORMONAL THERAPY IN MARES 

One of the most fertile fields for research in hormonal therapy for 
farm animals would appear to be a study of the effectiveness of 
various hormones in precipitating ovulation at a definite time of 
the estrous period in the mare. Tlie time of ovulation is extremely 
variable when computed from the first day of estrus, and this un- 
doubtedly accounts for a part of the difficulty in getting some mares 
in foal. 

Mirskaya and Petropavlovsky (1938) injected subcutaneously 500 
mouse units of chorionic gonadotrophin into 68 mares reacting to 
the teaser and having a follicle one centimeter or larger in diameter. 
A similar injection was made eight to twelve hours later. Ovulation 
was induced in 68 mares in 30 to 48 hours after the injection, and 
81 per cent of the marcs foaled. An average of 1.4 services per mare 
was required. Ovulation was noted in estrous mares 20 to 40 hours 
after the intravenous injection of 1,000 to 2,000 rat units of chorionic 
gonadotrophin (Day, 1939). 

PMS appears to be effective in the induction of estrus in mares. 
Cameron ( 1942 ) reported estrus in nine mares, previously exhibiting 
dormant cycles, following the subcutaneous injection of a single dose 
of 1,000 international units. 

GENERAL CONSmERATION 

Since many of the hormones arc of a protein nature, it should be 
pointed out that anaphylaxis is at least theoretically possible follow- 
ing their administration. Epinephrine is effective in the treatment of 
anaphyla.xis. 

Repeated injections of a hormone of protein nature may result in 
the formation of antibodies. If antibody formation occurs, repeated 
injections may not only fail to obtain an increase in response, but 
may actually result in a decreased response. 

In resorting to hormonal therapy, select the hormone that is most 
likely to give the desired response. For example, in tlie use of an 
estrogen it may lie desirable to produce an immediate action and 
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one of short duration If such is the case, then a nonestcnficd estro- 
gen such as stilbestrol should be used When a prolonged action is 
desirable, as in the initiation of lactation, an cstenfied estrogen 
(estradiol dipropionate or stilbestrol dipropionale) should be se- 
lected 

Evdocrise PnoDUCts 


ESTROGENS 

D« OvocyUn (^-estradiol dipropionate), Ciba Pharmaceutical Products, 
Inc , Lafayette Parle, Summit, ‘New jeney. , 

Theehn, a crystallme estrogenic substance obtained from pregnancy 
unne, Parlce, Davis & Company, Detroit 32, Michigan 
Sttlronate (diethylsUlbestrol dipropionate) Abbott Laboratones, North 
Chicago, Illinois 

StJbeifro! (dielhyUt.lbesttol), JenKn SaUbery Laboratones, Inc , Kansas 
City 10, Missoun 

D,ethymbeHwnVMh,op. W.nthrop Chemical Company. Inc, New 
York 13. New York 

Laboratones, Lincoln, 

ANDROGENS 

CONADOTBOPHINS" 

A From the serum ot pregnant mares (PMS ) 

uf fT’ 

B From the unne of pregli^nt womm7t,'^'™“°°’ "‘'^’"8“" 
FoHutem Squibb, Div,s,„„ „( -vL'!'"™”'' 

Products, E R Souibb an xt Animal Feeding 

^"<a„nn s'. Pal Vorb. 

KoroIrm.'WinthropChemicalCom Michigan 

c From the antenor lobe of the York 13, New York 

Vetrophin, prepS Bland 

powder. Abbott Ubor^oi^'ra 

WruiTRIN-Fmm the , '' ’"-"O'* 

Porimor EnrM T” P'‘u.lary gland 

C.tylO. Mosoul""™''- ^—SaUWny Ubora7„rfes,1nc . Kansas 

Laboratories, Lincoln. Nebraska 
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EPINEFHRINE—The hormone of the medulla of the adrenal glands. 
Epinephrine Hydrochloride, Norden Laboratories, Lincoln, Nebraska. 
Epinephrine Hydrochloride Solution, Jensen-Salsbery Laboratories, Inc., 
Kansas City 10, Missouri. 
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CHAPTER 

5 


General Information 


ENOS J. PERHY 


This chapter deals with general procedures that apply in greater 
or iMser degrw to most classes of farm livestock Details of the suc- 
cessful methods pracUced with each 'class arc given m later chapters 


SEMES COUJECnOH 
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One apparatus for cattle is a 
heavy rubber cylinder 1614 
inches long and 214 inches in 
diameter, fitted wth a thin inner 
rubber sleeve or tube, the ends 
of which are turned back over 
the ends of the cylinder and 
held with heavy rubber bands. 

A water-tight space is thus 
formed -between the inner and 
outer walls. Near one end of the 
cylinder is a hole to admit warm 
water. In some models this open- 
ing is covered by the turned- 
back end of the liner and the 
heavy rubber band to prevent 
the escape of water except un- 
der violent pressure, whereas 
others contain a valve for intro- 
ducing the warm water and a 
screw cap to prevent leakage. 
To complete the assembly, the 
small end of a rubber cone, or 
funnel-shaped piece of rubber, 
is slipped over a sterile, gradu- 
ated glass test tube; and then 
the large end, or base of the 
cone, is fitted over the end of the 
vagina, with no opening for ^ 
water (see Figure 16). A small 
vent (f) is sometimes provided 
in the cone to prevent balloon- 
ing. 

The amount of water injected 
between the sleeve and cylinder 
.should be sufficient to distend 



Figure 16. DonUh type -of artificial 
vagina for cattle, after which, most 
of those used In the United States 
hove been modeled, a. Opening to 
admit warm vrater. fa Heavy rubber 
cylinder to afford rigidity, c. Space 
for warm water, d. Inner liner of 
rubber (tube), e. Heavy rubber 
band to hold end of folded-back 
rubber liner and to fasten rubber 
collector cone. f. Air vent to pre- 
vent ballooning, g. Collector cone, 
fa. Graduated glass collector tube. 


Uie sleeve and create some pressure, thus simulating the natiu-al 
vagina. Water is usually put in at 125® to 160® F., depending on tlie 
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surrounding temperature With a stcnle glass rod, a thm coat of 
sterile lubricating jelly is smeared over the surface of the inner 
lining at the entering end, although a few operators use no lubri- 
cant Do not use petroleum jelly or oil for lubricating rubber 
Lubricate spanngly to prevent semen contamination For most 
males the correct temperature of the inside of the vagina at the 
moment of collection is 105° to 115° F 


Most males will respond readil> to an artificial \agina if proper 
precaution is taken to ha/e the water at the right temperature In 
this connection the desire of certain males must be studied Some 
of them prefer a higher temperature than others Extremes of tem 
perature especially heat, must be avoided If the male is shocked 
or perhaps injured by a hot apparatus, he may thereafter refuse to 
mount for an ejaculation 


The advantages of the artificial vagina are Practicnlly all of a 
normal ejaculate is obtained, the semen is clean and free from extra- 
neom secretions the exact amount of the ejaculate is apparent m the 
^aduated test tu^, and the viability of the sperm averages higher 

lh!rjf'"V’'T n" " Limitations of 

the vaoma oollections are that a few males refuse to serve 

sential to mi™” infirmities prevent normal copulation cs- 
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service, with the Sd of blowing natural 

cheap and rather easy wav'to ''“gmal spoon It is a 

examinabon However as a o semen for microscopic 

It IS not looked upon with favor ( msemination, 

'■-m ot ‘he ejaX rre^'” masons Only a small por- 
mu. It B nrmed with vaginal secretions 
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which are sometimes injurious to the sperm, ^especially when the 
semen is to be stored; there is great danger of spreading disease if 
the female carries infection; and there is some danger of injuring 
the reproductive tract by the recovery operation. 

Electrical Stimulation. This method can be adapted to nearly all 
animals. Several methods have been proposed. One of the simplest 
introduces a weak alternating current to the sacral and pelvic nerves 
via electrodes placed in the rectum on a probe or by hand. Electro- 
ejaculator apparatuses are available commercially. Semen is col- 
lected in a purer manner than by digital massage because the elec- 
trical stimulation causes erection and protrusion of the penis. A small 
artificial vagina or rubber funnel with test tube is then used to catch 
the ejaculated semen. Advantages of electroejaculation are: Males 
need not be able or desirous of mounting a teaser, that is, males 
which are crippled, infirm, or with low libido can be used. Bulls 
which are wild or untrained to the artificial vagina also can be con- 
fined and electroejaculated satisfactorily. 

An exhaustion test by Hill et al. ( 1956 ) involved 35 collections of 
semen (196 c.c.) from one bull by electrical stimulation within 75 
minutes, without any apparent ill effects. 

Dummies to Aid Collection. When semen is collected with the 
artificial vagina, dummies instead of a quiet female, or one in heat, 
can sometimes be used to good advantage. These eliminate the 
bother of having a female on hand at collection time. Most bulls 
prefer a live “decoy.” Many operators are skeptical regarding the 
practicability of the dummy. Reports indicate, however, that certain 
bulls, stallions, rams, and boars have been trained to use dummies 
with a fair degree of success, although the young males will usually 
work better than the old ones. Strangely, an occasional bull will 
prefer the dummy to the cow at collection time, and there have been 
cases of another animal species of similar size being used with 
success. 

In training the male to use the dummy, he should be exposed to 
females in heat but not allowed to serve. After two or more experi- 
ences of this kind, he should be introduced to the dummy at the 
same location. In this way he is taught to anticipate service when 
brought to the breeding quarters. 

The dummy should be strongly built and securely anchored, and 
it is recommended that it should resemble to some degree the fe- 
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male of the species for which it \s being substituted The strongest 
framework is one made of metal After its sides and top are well 
padded, the whole structure should be covered witb a skin or 
canvas The artificial vagina may be held by an attendant or be 
fastened underneath the rear to a spring attachment This latter 
device affords resiliency and is a protection to the mounting male 
Collection Suggest lona When collecting is done out of doors in cold 
weather, provisions must be made to prevent subjecting the sperm 
to cold shock This can be done by wrapping the semen tube and 
funnel in a flannel cover or other protective matenal and by keeping 
the tube pres«-ed against the warm casing until the male mounts 
Some collectors make use of a vagina that is long enough to permit 
the tube to be contained within it 


EXAMINATION OF SEMEN 

Just as the careful farmer scrutinizes his gram seed and tests it 
for viability before planting so do the cooperative breeding asso- 
ciations and many stockmen today examine the semen of sires that 
are used regularly or arc being considered for use They arc aware 
mat without fertile sperm the whole program for better breeding 
breaks down Although the best test of the fertilizing capacity of a 
male .s his ability to “settle" the females which are inseminated to 
him, nevertheless It should be recognized that he can “go stale," that 
deterioration very quickly Young bulls without a 

no wholly satislacloiy melLTof 

heenf Ived t making such evaluation has yet 

and cor elation to fertility How ^disappointing in efficiency 

fertility in the cooperative breeAlv’ naedmin or low 

pense (or extra tans to Zv ® associations involves added ex- 
ceptions in the herds of the '““'"'"'“*'“>5, and also delays con 
and collect in tests before hiiJI'n i ®'’'’)®ntuig males to semen 
y* g or leasing them either for asxocia 
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Hons of for private use frequently saves a lot of time and expense. 
A good natural breeding record is not quite sufficient, because the 
quantity and storage quality of the semen may be unsatisfactory; 
the animal may be too difficult to handle, and he may have picked 
up infection by natural breeding. 

Volume. It is important that sires give liberal amounts of semen 
so that many inseminations can be made if required. Although there 
is no sure correlaHon between amount of ejaculate and fertility, 
generous-sized collections are usually considered a favorable sign. 
Large volume, however, is not always accompanied by a high sperm 
count. In attempting to gauge the semen producKon of a sire, one 
should not rely On a single ejaculate but use the averages of several 
taken at different Umes. Differences in volume are someHmes due 
to the vigor of the thrust at the time of collection. There should be 
no distracting noise or other interference. 

Proper preparation before service is necessary for securing a large 
number of the best-quality sperm. Teasing of the male sexually or 
allowing "false mounts” is frequently practiced. One to three false 
mounts usually increases the number of strong sperm secured in 
an ejaculate from the bull. 

Various tests have been devised for appraising samples of semen. 
The best-known measures of semen quality are motility and con- 
centration of sperm and their metabolic activity and livability. 

Motility of Sperm. Microscopic examination for motility is highly 
important, because svithout active movement it is unlikely that the 
sperm will reach the ovum or penetrate it. Initial motility is be- 
lieved to be one of the best evidences of viability of semen and 
fertility, although it is not necessarily a sign that the sperm possess 
normal fertilizing powers. 

In a drop of normal semen under the microscope a swarming mass 
of sperm is revealed. As the semen cools, motility grows sluggish 
and soon stops. Examination should be made in a warm room, free 
from drafts; and the glass on wliich the sample drop is placed should 
be kept warm, about 100° F. The accepted metliod of preserving 
the liquid semen of large animals for use over a period of one to 
a few days is to cool it down to approximately 34° to 40° F.. the 
holding temperature. The object is to stop motility and tlius con- 
serve the energy of the sperm. It is especially important to have the 
glass slide wann when examining a sample of semen taken from 
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the refrigerator or other cooling unit where the sperm have become 
inactive On the other hand, care must be taken not to heat the 
glass much above body temperature, because sperm are killed at 
alxiut 115“ F 


For routine examinations, magniBcations of 100 diameters are 
satisfactory Examination should be made immediately after collec- 
tion and then again several minutes after dilution to test the diluting 
material The sample for inspection should be representative of the 
whole ejaculate 

Motility can be estimated most rehably m samples diluted to a 
sperm concentration of 10 to 20 million per ml At this concentration 
the percentage of progressively motile sperm can be clearly detected 

A system of classifying motility can be helpful A good method for 
practical purposes is to grade it from 0 to 5 as follows No motile 


sperm, 0, less than 25 per cent motile, but weak and oscillatory, 1 
(poor), from 20 to 50 per cent progressively motile but lacking in 
waves, 2 (fair), from 70 to 85 per cent showing vigorous motion and 
recurring waves, 4 (very good), more than 80 per cent m vigorous 
motion, with waves of a billowy nature, 5 (excellent) 

Different types of motility have come under the eye of the in- 
vestigator Walton describes these as a progressive motion by which 
the sperm move m a straight line, a rotary motion by which the 
diameters of about their own length, 
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in a straight line. When the tail is injured, motility may cease or 
the sperm moves in cireles or backwards. 

Color and Concentration. The color of semen is important because 
it is an indication of its quality. Normal semen of most species has 
the appearance of whole milk, its opacity being due almost entirely 
to the dense mass of Sperm. Samples of semen of lesser density are 
characterized by a more watery appearance, down to the almost 
transparent type of ejaculate. Investigators early noted that marked 
cloudiness, due to swirling masses of sperm, was usually associated 
with high rate of conception. 

The range in speim count per ejaculate of the semen is quite 
wide, varying at times from 25 million to 1 billion per c.c. for the 
boar, 30 million to 800 million for the stallion, 500,000 to 60 million 
for the cock, 300 million to 2 billion for the bull, and 800 million to 
4 billion for the ram. For example, good samples of bull semen 
fluctuate around the 800 million mark. 

Those who work with the semen of certain species soon learn to 
associate color with quality to an appreciable degree. Abnormal 
color may reflect an unhealthy condition of the genital organs. A 
yellowish color may indicate the presence of pus or urine, which 
can usually be detected by the smell. When blood or degenerating 
tissue is present, the color is pinkish or reddish. Abnormal semen 
should never be used. Sires giving it should be examined and treated 
in an effort to remove the cause. 

The concentration of sperm varies widely, both in ejaculates of 
the same male and from male to male of the same species. It is of 
great value to know the approximate number of sperm in a cubic 
centimeter of semen, for this is a,measure of its quality and deter- 
mines the rate for diluting it for routine insemination. There are now 
several methods of calculating sperm count, the oldest of which is 
the use of the liemocytometer. A newer and more practical device 
for use at large breeding headquarters is the photoelectric colorim- 
eter. 

Abnormal Sperm. Making periodic, microscopic examinations for 
abnormal sperm, bacteria, protozoa, and cells which might indicate 
a diseased condition of the male may reveal the cause of sterihty or 
poor conception rate. The greater the proportion of normal, healthy 
sperm, the greater the likelihood of fertility. More information is 
needed, however, concerning the question of the relationship be- 
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tween the percentage and type of abnormals and the fertility of the 

male 

Listed in the order of their usual frequency of occurrence, these 
are as follows looped tails, tailless or headless, broken tails, those 
having pynform (pear shaped) heads, and those with enlarged 
middle pieces Haq (1949) hsts the permissible limits of abnormali- 
ties of the head, middle piece, tail, and tailless heads as 4, 8, 2, and 
6, respectively, or a total of 20 per cent for semen of normal quabty 
In studies with bulls it was found that those with less than 600 nor- 


mal sperm per 1,000 had an unsatisfactory breeding record, whereas 
those with 900 or more usually proved highly fertile 

Sperm may be normal in morphology but wholly nonfertilizing 
Factors other than morphology are responsible for duration of the 


necessary motihty Semen that rates well in motility and viability 
usually produces good breeding efficiency 
hongevily of Sperm The livability of sperm bears some relation- 
ship to their fertilizing powers The rate of non return to service, as 
reported by Fryer et al ( 1958), in a trial involving bulls, varied from 
5 to 11 percentage units (depending on breed) for each additional 
day of storage of liquid semen The first tests for longevity were 
earned out by noting how long the sperm remained motile at a 
standard storage temperature of about 40’ F This system usually 
semen samples for several days 
The high temperature test and the methylene blue reduction test 
are also com h^d with longevity (These are drseussed rn the chap 
reeard“! ^r“° " a “*8''«"cnt among research workers 

St ( 194B^ r ot these tsvo tests Work by 

met irs ! ■ r ‘ “f rn the female 

t act seems necessary for the spema to aequ.re capaerty for fertrhza 


If semen is to be stored by freezrnv th* n„t, . i 
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mixture evenly, then separate the slides by sliding apart and dry 
the smears instantaneously over a warming plate. 

Examine the sperm at 400 to 900 diameters magnification. Dead 
sperm will stain bright red, and all sperm are tinted enough to show 
shape and structure of the cells. Staining semen in a similar manner 
with a 3 per cent solution of rose bengal stain results in bright stain- 
ing of all sperm. The rose bengal stain must be rinsed off the slide 
after drying to allow clear view of the spermatozoa. 


HANDUNC THE SEMEN 

The sensitive nature of the sperm necessitates the utmost care in 
the handling of semen. If a high state of viability is not maintained, 
the percentage of conceptions will be small or nil. The following pre- 
caution? should be taken; Protect from extreme heat or cold; prevent 
contact with water and harmful chemical agents; and avoid exposure 
to air and direct sunlight as much as possible. Semen should not be 
shaken. The tube should be full to avoid air space. Mann ( 1945) said 
that when sperm in suspension were agitated vigorously in the pres- 
ence of air, the cytochrome enzyme within the sperm was oxidized. 

SEMEN DlEUTEnS 

For more than two decades after 1935 much of the research work 
involving artificial insemination and semen characteristics dealt with 
dilutees. A full report would require hundreds of pages. The chief 
function of diluters is to expand the volume of semen so that many 
times the usual number of females can be inseminated. They also 
provide protective factors for the sperm-buffering compounds to 
maintain the proper acid-base balance, and nutrient materials and 
bacteriostatic or bactericidal substances— all of which contribute to 
improved livability of the sperm in storage. 

The most extensive use of diluters is in breeding associations and 
on ranches and farms where large numbers of animals are in the 
insemination program. Without the diluters, these programs, involv- 
ing wide utilization of many of the greatest males of tlie different 
species of farm animals, could not exist. More experiments in search 
of new and better types of diluters are certain to continue. For cows, 
some operators use dilutions as high as 1 part of semen to 200 parts 



figure 17 Pen tVetch of bull tperm showing normol wove format on mogifed op- 
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of djluter, althougli dilutions of 1 to 100 or 1 to 50 are more common 
The chief requirements of a good dilutei are that it be nontoxic to 
sperm simple to prepare, low m cost fa\ orable to longevity of sperm, 
and easy to keep, and that it provide the functions listed above 
Egg Yolk-Cttrole Dtlufer This was devised by Salisbury, Fuller, 
and Willett (1941) of Cornell University A 3 per cent sodium citrate 
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solution '(Na-iCcHGOi-ZHsO) is made witli water distilled over glass. 
Prepare the egg yolk from fresh eggs after washing them and then 
rinsing them with 70 per cent alcohol. Allow them to dry before 
breaking the shell with a sterile knife. Use only the yolk, removing 
all of the egg white from around it by rolling it on absorbent paper. 
Puncture the yolk membrane, and allow the yolk to flow into a sterile 
glass container. Mix together 4 parts by volume of the buffer solution 
and 1 part of the egg yolk for the completed diluter, based on the 
work by Swanson (1949). The discovery by PhiUips and Lardy 
(1940) of the protective effect of egg yolk in diluters for bull semen 
was soon followed by the formulation of many satisfactory egg yolk- 
buffer diluents. The egg yolk protects the sperm cells against dam- 
age during cooling and other unfavorable environmental conditions. 
Isotonic buffers to maintain a pH of 6.7 to 6.9 can be made from phos- 
phate, citrate, carbonate, and other salts. 

Milk Diluter. Fresh or pasteurized milk will kill sperm because of 
enzyme effects. However, if milk or skim milk is heated to 200° F. 
(nearly boiling) for 10 to 20 minutes, the enzymes are destroyed 
and the milk makes a compatible semen diluter. Milk has some of 
the protective factor found in egg yolk, but recent experiments in- 
dicate that milk can be improved as a semen diluter by adding to it 
10 per cent egg yolk. This diluter is popular with some cattle breed- 
ing organizations. It has been found that the addition of glycerol to 
the diluter also improves the livability of bull sperm. 

Antibiotics in Diluters. Addition of compatible antibiotics to 
semen diluters is recommended to control bacterial growth. A com- 
bination of streptomycin at 500 to 1,000 mg. per ml. and penicillin at 
500 to 1,000 units per ml. is satisfactory. Neomycin and polymyxin 
have also been used. Several “sulfa” compounds (sulfanilamide, and 
others) are also useful in this respect. The antibiotics may result in- 
better conception rates when used with semen infected with uterine 
invaders, such as Vibrio fetus. They also aid in maintaining satis- 
factory sperm viability during several days’ storage. 

Reactivation. In a trial by Rickard et al. (1957) two-day-old ac- 
tivated bull semen (liquid) gave a non-return rate of 70.33 per cent, 
compared with a rate of 60.34 per cent for the control. Two-ffay-old 
samples were just as good as one-day-old samples. 
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ni02EN SEMEN 

Semen of some species, prcviousl) kept successfully for a few 
days, has been frozen and stored for months and years nitli little 
or no ill effect The conception rate m the case of hull sperm is 
sometimes as high as that obtained uith fresh semen In several in- 
stances it has been higher Frozen semen is used m practically all 
present day cattle artificial breeding organizations in many coun- 
tnes In fact, some of the groups operate a 100 per cent frozen semen 
program The plan makes possible the maximum use of desirable 
sires, even for a period after death Using frozen semen tw o > ears old. 
stored at 79” C Mixner and W.ggms ( 1937 ) obtained the same con- 
Mption rate of &57 that they had gotten when the same batch of 
frozen semen was one year old The method, which msoKes the 

mTL°d h“l7" '? ‘™P«“‘ure of dry ,ee (solid 
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mal mating it is rare to find a state of affairs in which male and 
female operate constantly at the 100 per cent level; but even if the 
figure in each case is 80 per cent, the combined effect is a conception 
rate of 64 per cent (80 X 80). Good technique will maintain this 
figure, but for each diop in efficiency there is a lowering in the rate. 
It is possible to work out many combinations of these three variables, 
to see that each constitutes a limiting factor and that a low level 
of efficiency in any one may be more detrimental to the conception 
rate than a moderately good level in all. There are certain factors 
that have a direct bearing on the results obtained. Among these 
are the insemination at the optimum time during the heat period. 

ESTROUS CYCLE, ESTRUS, AND OVULATION 

The estrous cycle is the time between heat periods; estrus is the 
heat period itself; and ovulation is the shedding of the egg (or eggs) 
by the ovary preparatory to the egg s movement down the Fallopian 
tube. It is to the interest of every livestock owner to possess a thor- 
ough understanding of these phenomena of nature. The conception 
rate, the timing of the season or month of birth of the young, and 
the economical use of the reproducing female depend on a good 
working knowledge of them. 

The relation that heat bears to ovulation is very important. In- 
semination should precede the latter by a few hours or should coin- 
cide with it. Considerable variation occurs within the same species 
in the duration of heat and the time of ovulation after heat. The 
exact time of the beginning of heat is often impossible to determine, 
but practice has shown that for at least the bovine stock, insemina- 
tions made during the last half of the period have a better chance 
of success than those made earlier. 

Because of the impossibility of forecasting the length of the heat 
period, two or more inseminations are sometimes made in animals 
having long heat periods. Some horse breeding authorities advise 
inseminating a mare on the second arid fifth days, or even on the 
fourth, sixth, and eighth days after the start of heat, while others 
practice breeding a second time if she is still in heat the third day 
after the first insemination. 

Russian sheep stations have increased their lambing percentages 
markedly by inseminating their ewes several times in the same heat. 



90 Artifictal Insemtnaiton of Farm Animals 

With cowSj however two inseminations per period have not pro- 
duced impressive experimental results 


INSEMINATION 


Deposition of Semen There seems to be general agreement that 
the best rate of conception is obtained when the semen is placed 
in the cervix or injected into the uterus Walton, a pioneer m this 
field, noted that in sheep experiments the introduction of 0 5 to 
1 0 c c of semen into the cervix of the ewe gave him 66 per cent con- 
ception, as contrasted with 33 per cent when the same amount was 
placed in the vagina The most desirable region of deposition has not 
yet been fully established for all of the farm animals In the case of 
the sow there seems to be no doubt that the uterus should be the 
place of deposition, as it is in copulation Inseminators of fowl place 
the semen in the oviduct 

Quantity of Semen Is there an optimum number of sperm to be 
used m artinc.al msemmalion of different species? Important 

vears Forrrj® ?"i '’™’’ ^ ''‘athshed m recent 

m anticmit "T*’ 'hat nature is extravagant 

relativew " T ‘ r' “vT' ‘''”8^°'"' discovery that 

r^osrantaarLT ° ■" 

"rtl“matmr ^rLth of 

spS: ;?lmX“ht^S^^^ 

This explains whv ameV ten. t " amount of semen to use 
of sperm per cubic centimeter Ire re approximate number 

niciansadviseammimuroaotrsICs"! 

Reports of Russian studies mdicafe that ihT™ ’’5 
semen m excess of 2 cc ner a quantities of 

oI conception in cattle For eiamnl '"il*'?" mcrease the rate 

hon sperm per c c and the dilulio*” collection averages 1 bd- 

>0 40 of diluler. the approximare nnml semen 
diluted semen uill be million “Pcmi per c c of the 
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INSEMINATION EQUIPMENT 

The equipment' needed for the collection and preservation of 
semen and the insemination of each species, either in a breeding 
association or on the farm or ranch, should include most of the 
following; 

1. Microscope with glass slides and cover slips. 

2. Artificial vagina for species worked svith, 

3. Lubricant for preparation of artificial vagina. 

4. Thermometer for taking temperature of artificial vagina and refriger- 
ating container. 

5. Sterile test tubes, some graduated for semen collection. 

6. Beakers, some graduated 100-c.c. and SOO-c.c. sizes, for preparing 
solutions. 

7. Labels for marking tubes and vials. 

8. Bubber stoppers for test tubes and bottles. 

9. Refrigerator. 

10. Test tube rack. 

11. Syringes or bulbs and inseminating tubes (catheters) adapted to 
species. 

12. Combination semen and equipment carrying case (refrigerated). 

13. Rubber gloves and sleeve. 

14. Talcum powder in shaker can. 

15. Rolls of sterile absorbent cotton and paper towels. 

16. Coveralls and rubber boots. 

17. Pail large enough to enable washing and disinfecting boots between 
farms or herds. 

18. Suitable powder and brushes for washing equipment. 

19. Physiological saline solution. 

20. Distilled water for rinsing glassware. 

21. Enameled pan, 12 by 18 by 3>/i inches, for washing equipment and 
for holding it afterward. 

22. Alcohol for sterilizing rubber equipment. 

23. Indelible pencil for signing breeding receipts. 

Other special apparatus is mentioned in the discussions dealing 
svitli the different farm animals. Two important pieces of equipment 
used by the larger commercial breeding associations are the electric 
water heater and the electric drying oven. Much of the equipment 
formerly made only of glass is now available in nontoxic plastic. 
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Cleaning the Equipment. Since sperm are quickly killed or weak- 
ened by toxic substances, it is very important that all equipment be 
scrupulously cleaned, sterilized, and left sterile until needed* 

All new apparatus should be well washed before use so as to re- 
move any dirt, grease, and chemical matter. It should also be ster- 
ilized. After each use, foo, every piece of equipment must likewise 
be thoroughly cleaned and sterilized. Class inseminating tubes can 
best be cleansed by drawing some of the cleaning solution throu^ 
them several times with a rubber bulb or syringe. The syringe should 
be taken apart and scrubbed with a brush. After use of the artificial 
va^na, the rubber liner and cone should be washed at once with 
warm water, then rinsed first in distiUed water and then in alcohol 
Md dried. The rubber parts are distended by means of clothespins. 
Pl^tic tubes and bulbs are used only once, so they are not washed. 

Sterihzmg the Equipment. Some technicians disinfect all washed 
equipment^ including the rubber, by letting it stand five to ten min- 
^ ^ “"v isopropyl alcohol U 

wl jnff clcohol should be 

'®’“““" ®^ semen diluter. 
More common and economical methods of sterilization are boiling 
in water or the me of dry heat. Practical steps should b?tA» to 

esVtotra'nd'ts^”" 

torceps d-; Sie f®/ 15 minutes. With the aid of 

and remove at once Afle” shak*"'^ ^oppers in the boiling water 
parts in a d,l?”btoercr H P’^®® ">l>l*s 

may also be sterilized bv nlari'I •• • towels. Glass equipment 
an oven at 250’ to 350’ F. for all houn ^ 

detcrgmu. whmVwelHng prop^“’^'-’ organic 

washing dairy equipment.'^rassess 

properties. They are characterimt cssc^l end bacteriostatic 

dents; even when they are used in ndsoiption coefB- 

^uipment contacted by their soluhm surfaces of the 

hi^ concentration of them The sim^ ® comparatively 
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of these factors, the synthetic organic detergent should not he used 
in the washing and sterilizing of artificial insemination equipment. 

On the other hand, sodium hexa-meta-phosphate (Calgon, and 
others) and tetra-sodium pyro-phosphate are two inorganic salts 
whose calcium sequestration properties are as great as those of 
the organic detergents, although they are inferior to many of ths 
organic compounds in their wetting abilities. Their solutions are 
not bactericidal or bacteriostatic (they decompose ultimately to 
simpler sodium phosphates, and these are commonly used to buffer 
nutrient solutions). Ample water rinsing is adequate. Their lack nf 
bacteriostatic effect eliminates the need for removal of traces. The 
phosphates are not corrosive to glass or to rubber and are as non- 
corrosive to metalware as most of the wetting agents. The following 
procedure for washing artificial inseminating glass, rubber, and 
metalware will prove satisfactory. 

1. Directly after using, rinse and brush all glass, metal, and rubber 

equipment surfaces with a lukewarm water solution of 0.2 to 0.3 per 
cent sodium hexa-meta-phosphate or 0.3 to 0.5 per cent of tetra- 
sodium pyro-phosphate. Applying some of the dry phosphate on 
moist brush bristles will greatly accelerate cleaning. Small equip- 
ment-syringes, inseminating rods, and so on— which cannot be 
brushed should be soaked for a few minutes, then have the solution 
ps'jvbsvd A'rrevi'^iV sir Ast tiW spisex? of flyH' w’AU AwrazR? zA 

flciency. Higher velocities aid this erosion. 

2. Rinse with lukewarm water. 

3. Drain; rinse all parts with a small amount of 70 per cent ethyl 
or isopropyl alcohol. Permit to dry in a dust-free, ventilated storage 
space. 

Seventy per cent alcohol is a very satisfactory sterilizing agent 
for fully cleaned equipment because it leaves no residue. If the 
equipment is moist after washing, the potency of 70 per cent alcohol 
will not be reduced if the surfaces have been drained. 
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interest and vigor In the females, the estrous cycle slopped, and 
ovulation failed 

When Mann and Walton (1953) studied the effects of a 23-week 
period of underfeedmg of bulls they noted httle or no change m 
the volume and density of the semen or the mobility and morphol 
ogy of the sperm However, they did find that the secretory func- 
tion of the accessory glands was much affected by the lowered 
nutntion The decreases in the concentration of citnc acid and fruc- 


tose were 60 and 30 per cent, respectively, of the origmal levels 
But in the recovery period, the values for both of these returned 
slowly to normal 

Mann and Rowson (1956) detected sperm in the semen of a bull 
calf on a high plane of nutntion at mne months of age In the semen 
of this calfs identical twin, raised on a low plane, they appeared one 
month later The activity of the latter anunal s accessory glands, as 
reflected by the presence of fructose and citric acid m the semen, 
was delayed four months Animals considered to be very mtelh 
gcnUy fed. however, are not always good breeders In fact, too hb- 

McKenzie and 

V that highly conditioned, heavily fleeced rams 

iivt ^ n sperm and were of low ferUhty 
and o«asionally stenlo One show winner had 75 9 perTnt ^aV 

reTcUaTiTwrl^lh'^ 34 ewes After sheanng and 

fS to 15 8 nlrf^ 1 of abnormal sperm in his stmen 

an^t fteld » ' f- *<= show cir- 

ahnirmahties However! ^ P" 

junous to ammals Cpt+am ceding does not always prove in 
than others and continue 1^0 mm f 
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The fertility of* 

monly high or low feed and nuir. “"ously impaired by uncora- 
anddeselopment.as 7 l "ed ^'"'"‘ <f“n"g early growth 
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Protein. It is generally recognized that males in heavy service re- 
quire a liberal amount of protein. Hansen Larsen et al. (1944) re- 
ported a marked improvement in bull fertility, when animal protein 
comprised 70 per cent of liigh protein intake. On the contrary, 
Webster (1932) observed that a high incidence of sterility seemed 
to be associated with morphologically abnormal sperm ejaculated 
by New Zealand bulls which grazed pastures in which the crude 
protein content of tlie grass_ran as high as 35 per cent of the dry 
matter. Branton et al. (1947) reported that the fertility of bulls v/as 
not significantly affected by concentrate mixtures having 12, 16, and 
20 per cent protein. The 20 per cent concentrate resulted in a greater 
sperm concentration, but a lower volume of ejaculate, less motility, 
and less sperm per ejaculate. The Russian worker Smimov-Ugrjumov 
(1937) obtained mbre and better semen from bulls that had in tl’.eir 
ration such animal protein carriers as bone meal or fish meal, or' 
skim milk or blood meal, instead of ground oats and other con- 
centrates. The experiments by Cunningham and Hopkirk (1935) re- 
vealed that rats given a diet low in lysine had underdeveloped 
testicles. When various {iroteins (fluid skim milk, dried skim milk, 
and vegetable protein) were fed to calves from the ages of three 
weeks through ninety weeks, the source of the protein did not seem 
to make any significant difference in the age or’ size at which viable 
sperm were first collected from the buffs (Fffpse e( al., 1956). 

Four sets of identical twin bull calves were used in a trial by 
Flipse (1957) to compare an experimental ration of com silage and 
hay with a control’ration of concentrate and hay. The twins were from 
thirteen to one hundred and twelve weeks of age, inclusive. Total 
digestible nutrients (T.D.N. ) consumption was maintained at the 
level recommended by the National Research Council. Digestible 
protein intake was lower for the bulls fed silage than for those fed 
concentrate. Growth, attainment of sexual maturity, and quantity 
and quality (total number and concentration of sperm ejaculated, 
initial motility, and storage possibilities) of semen produced were 
similar in the two groups. Com silage is a good source of nutrients 
for maintaining fertility in bulls. The theory that heavy feeding of 
grass silage tends to impair the fertility of bulls was exploded by 
flipse and Almquist (1957) in a trial with 42 animals. There was 
uo appreciable reduction in motility or concentration of sperm 
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Factors Influencing the Quality 
and Quantity of Semen 


ENOS J. PERRY 


Not all of the factors that can affect the conception rate of live- 
stock are known. Some of those once thought to be significant are 
now deemed unimportant. Reference is made in this chapter only 
to those most frequently discussed in relation to the quantity and 
quality of semen. 

NUTRITION 

Too little information is available regarding the nutritive factors 
required for normal reproductive functions in farm animals. Much 
of -what exisU is contradictory and therefore misleading. But tlie 
considerable research now under way at several experiment stations 
should furnish highly helpful facts. 

Faulty nutrition has long been recognized as having an injunous 
effect upon the male reproductive system of certain species. In terms 
of energy intake, Evans et oh (1922) found that a decrease of 30 
per cent, or less, in the amount the rat consumed on a self-fed ration 
Would adversely affect reproduction. When underfeeding was dras- 
tic enough to retard markedly the growth of the immature male 
iinimals or cause loss of weight of tlie mature, the testes revealed 
^^trophy, there was loss of mobile sperm, and the rat lacked sex 
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among the bulls which ate large amounts of silage, and the feed 
cost was reduced 

Minerals The minerals most bkely to be lacking m the feeds avail- 
able m the leadmg hvestock areas are calcium and phosphorus A 
good grade of legume or mixed hay furnishes ample calcium, and 
when protein concentrates are fed, a phosphorus deficiency is un- 
likely ^Vhere these two elements are lackmg, how ever, they can be 
economically provided m dicalcium phosphate 
Strauch and Brunner (1956) reported that on 57 farms in Ger- 
many where the cattle bad senous reproductive disorders, an anal- 
ysis of the soil and hay samples established a direct relabonship 
between the phosphorus content of the fodder, the calving index, 
and the insemination index Reid (1949) says that reproduction is 
not usually affected until the symptoms of phosphorus deficiency 
appear, and that many cases of cattle stenbty m phosphorus deficient 
areas may not be due, entirely or necessarily, to the lack of this ele- 
ment The low phosphorus m the forage is accompanied by a low 
protem le\ el, and other dietary deficiencies may be involved 
In addition to iodine, the other trace elements somebmes, though 
seldom, needed as supplements are iron, cobalt, and copper Certain 
soils and the crops from them may be deficient in these minerals 
Hence the mineral mixtures sold m those areas usually contam the 
necessary materials The feedmg of salt to hvestock should never 
be neglected 


According to Albrecht there is a close relationship between 
animal fertihty and soil ferUhty He reports that pregnancy disease 
=“'1 deficences that pooTsmls produce 
nimerals, and that 


onls'Xd^tfr'/' ■"'portent 

service bulls stp vitamin requirements for 
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sperm and a high pH, and it did not store well. Seven of the bulls 
jemained fertile, but with a low conception rate. 

Based on a study of the relation of carotene levels to fertility in 
dairy bulls, Jones et al. (1946) report that 15 to 35 /tg. of carotene 
daily per kg. of body weight seem to provide enough vitamin A for 
Jersey bulls (the breed used in the experiment) to retain their 
fertility. Two of the five bulls in the experiment became blind dur- 
ing early growth but exhibited normal male behavior at breeding 
age. 

Guim et al. (1942) of Australia found that the fertility of rams 
was rapidly reduced when they were deprived of green feed for 
several months.during prolonged droughts. After seminal degenera- 
tion occmred, these workers induced recovery from vitamin A de- 
ficiency with a daily diet consisting of 0.3 lb. bran, 0.4 lb. oats, 0.3 lb. 
linseed cake, 1.1 lb. good wheaten chaff, and 0.7 lb. legume (lu- 
cerne) hay. The condition was also prevented, improved, or cured 
by feeding a mixed vitamin concentrate composed of a concentrate 
of vitamin A (containing 435 international units of vitamin D), liver 
meal, molasses, carrots, and green grass. Within two to four and one 
half months deficient diets caused seminal degeneration, and two 
to three months were required to bring recovery after the supple- 
ments were begun. 

Properly cured hay and silage, when fed in liberal amounts, usually 
supply sufficient vitamins A and D to bulls, rams, and stallions, but 
stored hay loses much of its vitamin A rather rapidly. Young pasture 
grasses are high in carotene, which in turn is changed into vitamin A 
, by the animal. Consequently, males which have been given plenty 
of green feed during the growing months go into the winter with a 
large reserve of vitamin A stored in their bodies. 

There is no present evidence to suggest that the larger animals 
ever suffer from a serious vitamin E deficiency. This vitamin is dis- 
tributed svidely in natural feeds. An experiment in which Salisbury 
(1944) fed ten bulls wheat germ oil for a year failed to reveal any 
improvement in their fertility. 

In conclusion, it can be said that although malnutrition may 
affect the reproductive performance of male livestock in various 
ways, a deficiency of a single element is very seldom noted under 
conditions Usually prevailing on farms or at headquarters of breed- 
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,„E orgaraz 2 l.ons It has not yet been proved that a ration which 
seems snitable, both in quality and qnanti^. for 
and. apparently, good health is also the best for roam aming nomal 
reproductive powers But it is encouraging to reBect, as stated by 
Reid {1949). that “Ineslock in general do not experience specinc 
nutritional deficiencies that perceptibly influence reproduction un- 
der good feeding conditions ” 


temperature and season 


The effect that extremes of atmosphenc temperature can have 
on the reproductive processes of the male is hi^ly important It 
has been demonstrated that extra heal applied to the scrotum can 
affect both spermatogenesis and mature sperm and that extreme 
cold causes ph> siologically subnormal sperm For proper functioning 
m mammals, the testes require a lo\ver*than body temperature The 
exposed position of the scrotum and its tunica dartos muscle, a 
fibrous layer situated immediately beneath the skin of the scrotum, 
is chiefly responsible for maintaining the optimum temperature for 
the testes Increased warmth causes this muscle to relax, automati- 
cally widening the spaces between the testes and the body, a fall 
in the atmosphenc temperature induces contraction of the muscle 
Itussian VrorkcTS noted a drop in the quality of sperm of rams kept 
in a shed where the temperature ranged from 80® to 90® F Males 
of certain species and breeds arc poorly adapted to losing heat by 
sweating, a factor influencing the quality and quantity of semen 
Closely associated with atmosphenc temperature as a factor tliat 
can influence quality and quantity of the semen ate the seasons 
Gunn et oI (19-12) reported that hot weather caused seminal de- 


generation in rams, and that recovery usually occurred in the cooler 
season In some cases it was considered that deficient nutnlion was 
an allied factor in the trouble So positive were the results of their 
study that they developed a method of predicting probablfe penods 
o igUcst fertility from information on temperatures and pasture 
conditions They foretold with considerable accuracy the quality 
o semen hVel> to he produced by wholly pasture fed rams at any 
glen time or different areas When supplementary feeds were 
In The influenced only 
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Dutt and Hamm (1957) studied rams during the month of Janu- 
ary. Controls were maintained conventionally. Experimental rams, 
sheared .and unsheared, were placed in a 90° F. temperature room 
for one week. Volume of semen was little affected by treatment. 
Motility of sperm cells and sperm cell concentration decreased, and 
the number of abnormal sperm cells increased as the result of the 
elevated temperature. The unsheared rams were much more af- 
fected than were the sheared rams. All animals returned to normal 
after treatment. This work shows the importance of shearing in 
helping to prevent lowering of semen quality during hot weather. 

Fertility of sheared rams was significantly higher than that of 
unsheared rams without their being a significant difference in semen 
quality, as indicated by a report of Hulet ef a!. ( 1956). Casady et al. 
(1953) concluded that under chamber conditions, spermatogenesis 
in young bulls may be impaired when the animal is continuously 
exposed to an 85° F. temperature for periods exceeding five weeks. 

The work done by McKenzie and Phillips (1937) in Missouri re- 
vealed more frequent completed copulations and better sperm for 
Shropshire rams from October to January and for Hampshires from 
August to January. The rams continued to manifest mating desire 
throughout the year. Green (1940) noted a decline in sperm con- 
centration of Shropshire ram semen from 3.5 billion per c.c. in May 
to 1.36 billion in August, but by December it had risen to 3.41 bil- 
lion. The month for highest number of normal sperm was November, 
and the lowest was mid-July. 

The results of studies of the relation between bull semen quality 
and climatic factors in different parts of tlie United States are at 
variance. Erb et al. (1942) in Indiana obtained semen of lowest 
quantity and quality in July, August, and September and of highest 
quantity and quality in April, May, and June. The bulls were man- 
aged in the same way throughout the year of the trial. The differ- 
en ces were attributed mainly to temperature and relative hiimidi tv. 
the chief factors associated with change of season. In a study of the 
seasonal fertility of aged bulls in Missouri, Swanson and Herman 
( 1941 ) reported that initial motility and useful viability were ' 
lower in winter weather than in spring and.summer— conditions be- 
lieved to be due to the effect of adverse winter weather on the health 
and sexual activity of the bulk. Working in Arizona with beef bulls . 
Lesley and Bogart (1943) found that they yielded the best sperm 
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from May to September Then findings are in 
derson (1945), who reported that “there appears to be a basic sea 
sonal rh> thm in bull semen associated with climatic factors m Kenya 
warmer conditions causing stimulation, and vice versa In a s u y 
of 71,098 cattle artificial insemination services in Kansas, 
was felt that climatic conditions were more nearly typical of the 
southern half of the United Stales, the highest average non-return 
rate occurred m the fall season and the lowest m the summer 
The specific causes of these fluctuations are not known They are 
not simply related to maximum, minimum, or mean monthly tem- 
peratures It is conceivable that the humiditj prevailing in certain 
areas, some of them desert like and of high alhtude, may help to 
account for lack, of agreement in the results of some of the studies 
repotted Tlie degree of acclimatization as well as the species and 
breed can also be listed as influencing semen production 


TREQUENCY OP USE OE MALE 

There is much individual variation m the number of times that 
males can be used without impamng their fertibty What appears 
to be normal performance for one will be sex strain for another. 
Twenty ^ears of artificial breeding of dairy cattle in the United 
states pro\e it is sound economy to use an ample number of bulls 
at the studs 

The sperm producing powers of healthy males are not quickly 
exhausted, but they should never be abused When Weatherby et al 
( 19 10) took ejaculates from a bull once daily for 57 days, the volume 
of semen w as w ell maintained, but sperm concentration vaned from 
2,179 million sperm per c c in the fourth week to none at the begin- 
ning of the ninth week The longevity of the sperm increased slightly 
until the fifth week and then dechned rapidly In another test with 
a Mnle three >ear old bull, two ejaculates were collected every third 
Hay for UK months The volume decreased, but the concentration 
and longevit) of the sperm remained satisfaclonly constant 
Tlie rale of>spcrm production in many bulU is probably greater 
ncj’'lr 1 " Pfcviousb recognized Using su bulls. Hale et a} 
continuous collections until the bull refused to work 

^ f of semen had returned 

pn-cd.a„st,un le,d fn, all of the bulls ss.lhm one Nveok after 
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Figure T8. A very remarkabfe proved sire is the Holstein Kanowa King Posch Nep* 
tune, owned ond used by the American Breeders Service of Madison, Wisconsin. 
To his credit, at the age of fifteen, ore listed 150,000 first services. His daughters 
hove been producing on annual average of 1,280 lb. more milk than their dams. 
This achievement typifies artificial Insemination's major objective of multiplying the 
germ plasma of the best proved bulls. 

the exhaustion tests. One ejaculate every fourth day or two every 
eighth day for one year was not detrimental to fertility in trials by 
Bratton and Foote (1954). Ejaculations collected at the rate of. two 
at eight days apart yielded 60 per cent more motile sperm than 
one at eight days apart. The trials by VanDemark et al. (1956) in- 
dicated the potential services of a certain Holstein bull to be as many 
as 371,058 over a four-year period when ejaculated three times per 
week. 

Baker et al. ^1955) found that frequent ejaculation, up to three 
times per week, did not affect anything except libido (which was 
adversely affected). Boyd and VanDemark (1957), using ten dairy 
bulls from one and one-half to four years old, conducted a series of 
partial exhaustion tests (ten consecutive ejaculates within 90 min- 
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utes) The extreme!) depleted sperm suppl> \vas fully restored after 
a seven day penod Lengthening the intcr\al belNvecn exhaustions 
to 30 da>s did not result in an> more sperm than did the seven*day 
interval 

Table V shows the effects of an exhaustion test— though not ex- 
treme— on the semen of a bull when eight ejaculates were col- 


Table \ ErrECT or Frequesct ofCollectios ov Semen Vollme, 
Sperm Concentration, and Fblcto*e Contest of Bcll Semen 
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like progress of sperm from the testis and that differences occur in 
the rate at which they are pushed forward. The rate in some rams 
must be so fast that each ejaculate contains a normal amount of 
sperm, but in others copulation may not result in emission of semen 
because refilling has not taken place. If a Sluggish, slow-breeding 
ram yields an ejaculate of subnormal quality or none at all after a 
sufficiently long restperidd, diis can. probably be considered a sign 
that the refilling did not occur because of lack of sperm in 'the testis 
or of some grave disturbance in the neuro-muscular mechanism of 
sperm transportation.” 

A prolonged sexual rest of males of various species results in the 
first ejaculate’s being of low quality. Trials have shown that where 
the interval of use ranged betrveen six hours and a week, tlie volume 
of semen and the sperm concentration were not appreciably affected. 
Lambert and McKenzie (1940) found that most mature stallions 
■ could be used from two to five times on some days without reducing 
their fertility, but that they should be used much less frequently 
after a few days of heavy service. Like other animals, sfalh'ons differ 
widely in their semen-producing capacities. The older ones usually 
show sluggishness and emit a large proportion of immature sperm 
sooner than younger horses after frequent services. 

According to work. done by McKenzie et al. (1938), the volume 
of semen from boars was not reduced by services at 48-hour intervals, 
but a marked drop occurred at 12-hour intervals. They found.no 
correlation between live-weight and volume of ejaculate. In one trial, 
four boars ejaculated at the average rate of approximately 20 billion 
sperm daily for several days, and another, still more sexually vigorous, 
gave 33 billion daily for 14 days. Collection of semen every 72 hours 
over a nine-month period appeared to give satisfactory production of 
boar semen, based on research by Dziuk (1958). 

• SERVICE BEHAVIOR 

How to induce service by certain males that are impotent, unable, 
or unwilling to serve can be a major problem. It is one that has re- 
ceived less attention than it deserves, beeause unless a male is keen 
to work, his condition amounts to sterility. The factors that may 
influence sexual behavior are both external and internal. The in- 
ternal factors include the physiological— especially those connected 
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ith the cndocnne S) stem These, as IV ell as the part that disease and 

physical defects can plav m serace behavior, are treated in other 

chapters . , ^ 

Lagerlol (1934) reports the slaughter of 161 bulls in one year on 
account of stenhty Fifty four per cent were discarded because of 
mabiUty to serve, and 8 8 per cent because of lack of desire to mate 
Unwillingness of bulls to ser\ e seems to occur more frequently under 
the artificial than the natural breeding program Savs Henderson 
(1946), “The usual history of these cases is for the change to take 
place gradually, the bull requmng a little longer reaction time for 
each service, until finally service is refused He may show no in- 
terest in the teaser cow or may confine himself to occasional attempts 
to mount which are not completed The cause of this condition is 
not always clear, but may be overwork, rough handhng of Uie 
artificial \ agina, or wide vanaUons m the lempeiatuie or pressure 
of the artificial vagina In preventing its occunence, it is recom- 
mended that conditions be standardized as much as possible Service 
should take place m the same location each day, at approximately 
the same lime, and the space between service dales should be kept 
as c\ en as possible Service should not be preceded b> a heavy feed 
Pressure and temperature of the arbficial vagina should not vary 
betw een services for an individual bull but may vary between buUs, 
and care should be taken that the penis is not injured during col- 
lection ” 


With this l^'pe of behavior there are various ways of mducing 
bulls to respond These include changing the teaser cow, substituting 
bull for cow, leading the cow away from bull, and further frustrating 
the bull bj leading him to and from the cow without the opportunity 
to serve In the hull, keenness to serve should not be considered a 
entenon of fertility TnaU have demonstrated, however, that the 
restraining of bulls to induce sexual excitement can increase semen 
volume and the number of moUle sperm per ejaculate Some com 
pletel) slenle bulls will exhibit normal mating behavior There is 
go^ ewdenev that rams the desire to breed is oot a wholly 

^nrratogeaetre acl.vrty, 
\ 1 T “ "™''/''^‘'Oiiship McKenzie and Philhps (1937) 

v^]d,o,!fe 

widiout emission of sperm follovvmg frequent matings 

Proper training m earlv breeding life ,s important in the work of 
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semen collection Most bulls, rams, and boars can be taught to 
mount females out of heat 

Crombaeh et al (1956), working with identieal twin bulls, ob- 
tained twice as many hving sperm when the bulls were restrained 
for five minutes and ‘allowed one false mount before ejaculation as 
when no frustration was practiced Restrammg bulls prior to first 
ejaculation was accompanied by highly significant increases in semen 
volume per ejaculate, the sperm cell concentration, and motility of 
sperm cells, as a result of trials by Branton ef al ( 1952) 

DISEASES 

It has been mentioned that injuries and diseases of vanous kinds 
can influence service behavior They can also directly affect the 
quality and quantity of semen even when males are able to serve 
the artificial vagina or copulate A marked rise in body temperature 
IS often quickly reflected in semen production There can be sperm 
degeneration due to acute abscesses The severe fever that follows 
can cause the loss of sperm heads Not only the commonly occurring 
foot-rot m bulls and rams but also severe abscesses and swellings, 
trauma (inflamed scrotum), epididymitis, and hypoplasia are ex- 
amples of ailments that impair the breeding powers All valuable 
sires should be given clinical examinations at regular intervals 

BACTERIA 

The genital tracts of sterile males and those of low fertihty often 
harbor large numbers of various lands of bacteria, including staphy- 
lococci, micrococci, bacilli, cohform organisms, Pseudomonas pyoctj- 
anea, and Brucella abortus New York and New Jersey, investigators 
found hundreds of millions of bacteria per cubic centimeter in many 
samples of bull semen 

Knodt and Salisbury (1946) have showed that in normal ejacu- 
lates from bulls, optimal density of bacterial growth doubles in 
thiee dajs The artificial breeding organizations now add penicillin 
or streptomycin or both to bull semen diluter The practice of making 
such additions is highly recommended as a means of preventing bac- 
terial growth and of killing certain pathogenic organisms that may 
be present in the semen 
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TRA^ SPORTATION 

The transportation of certain males may prove mjunous to their 
breeding powers On the other hand, there are reports of long-dis- 
tance shipments exceeding a thousand miles by truck and railroad 
v/ith no apparent ill effects on abihty to serve artificially or naturally 
and no effect on sperm production There is belief among managers 
cf cattle breeding associations that refusal of some bulls to mount a 
few days after arrival at another headquarters is due to the new 
surroundings and not to shipping injury It is sound practice to 
allow the males of most species to rest and to become acquainted 
with their new environment before putting them mto service 'SVil- 
lett s studies ( 1957 ) show that no reduced fertility in bulls' could be 
attnbuted to transportation 


Even thou^ working with 41 bulls especially selected for their 
ertihly Tanabe and Sahsbury (1948) found that young bulls be- 
“f® n >'“■5 ‘he highest breeding 

the heTt, 1 « ‘>'<1 bulls that rated 

bv M 6 nl o ^ “> fi-‘ ^=™ce. Mowed 

-Ihe mvesUgatronbyBowhugetol (19«fiher f 

herd bred by natural service rLaled over ] 100^7 T ““ 
conception rate of 1 *5 «prv.« ® penod an average 

for trfo yearit^ 1 M fTtw hulls, 1 6S 

2 1 for ten year-olds 2 fiS fnr fk i ^ Oo foi seven-year-olds, 

>ear-olds I'n boA o’f and 257 for fifteen 

higher breeding efficiency thin mature age had a 

In a study >mmature , 


not find 


^‘udy of die work 'f sSYufV TcttuT °r 
d a significant trind ^ "““Sh el , 


significant trind ,r^o"ncc“r:,'“^"‘‘™?’’ <1®^!) did 

P n rate when the age ranged 
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from two to thirteen years. This does not necessarily prove that ad- 
vancing age has no effect on a sire's fertility. By paying attention to 
wise feeding and management, many of the best-bred sires of the dif- 
ferent species can be made available for extra years of useful service. 

’ INHERITANCE 

There is considerable disagreement concerning the degree to 
which inheritance may be a factor in the reproductive efficiency of 
livestock, male and female. The prevailing opinion, however, in^ 
dicates that both heredity and environment exercise an effect. But 
in most studies, conception rate, however measured, shows low 
heritability and repeatability. 


EXERCISE 

A comparison between exercised and nonexercised bulls conducted 
by Snyder and Ralston (1955) showed that exercise did not signifi- 
cantly affect conception rates. 
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Physiological and other difficulties have prevented a wide applica- 
tiorl of artificial insemination to some classes of livestock; but with 


cattle many major problems have been resolved. Various improve- 
ments in techniques, however, still remain to he discovered. 

Leading breeders of dairy cattle were among the first to become 
interested in the possibilities of- artificial breeding as an instrument 
for herd improvement. They realized full well not only the work, 
expense,. and danger involved in raising and handling bulls but also 
the highly speculative aspect of the too common practice of mating 
an entire herd to an unproved sire for two or three years. The chapter 
on artificial breeding organizations reveals the substantial progress 
made to date witli dairy cattle. Improved techniques and a keener 
appreciation of the part that good inheritance plays in herd improve- 
ment should bring about future marked expansion, organizationally 
and privately, in use of both dairy and beef bulls. 

Since 1952, frozen semen has become an increasingly important 
part of the cattle breeding program in many countries of the world. 
Semen processing, storing, and use are fully treated in subsequent 
chapters. 

A knowledge of the anatomy and physiology of the male and 
female reproductive organs is essential in the proper practice of 
insemination. For the facts on this subject sec Chapter 2, which 
deals primarily ss-ith the' reproductive organs of cattle. 
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SEMEN COLLECTION 

The three best-kno\TO methods of obtaining semen from a bull 
are; (1) by use of the' artificial vagina, (2) by electroejaculation, 
and (3) by massaging of the accessory genital organs (ampullae 
of the ductus deferens). 

The Artificial Vagina. The use of this dc\ice has proved a great 
boon in the artificial program with cattle, because with it a normal 
ejaculate can be quichly obtained. The outfit usually consists of an 
outside nibber c>’linder 16 inches long and 21^ inches in diameter 
for mature hulls of normal size, and 10 inches to 14 inches long and 
2 inches in diameter for those younger or undersized. This stiff casing 
is fitted with an inner rnbljcr lining, the ends of which are turned 



''-s'l. 2. Erlenmeyer floik for filling 
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back over the cylinder ends and held in place with heavy rubber 
bands. A funnel-shaped piece of .rubber, holding a graduated test 
tube or vial in its small end, is slipped over one end of the vagina, 
as shown in Figure 19. The tube is covered with heavy cloth fo 
protect against breakage. Through the hole or special yalye,-^th'e 
jacket is fflled one-half to two-tliirds full wUh hot jvyater^t 130° to 
150° F. The optimum is approximately 140° F. The'inside tempera- 
ture of the vagina should be between 105° and- 115° F., although 
the requirement for different bulls' sometimes varies. A thin coating 
of sterile, water-soluble lubricating jelly is then applied to the first 
four or five inches of the inside anterior part with a sterile glass 
rod. If the bull fails to ejaculate within ‘a period. of Six or seven 
minutes, the vagina should be re-warmed by a change of water. 
If the collection must be taken any distance it should be tightly " 
wrapped in a blanket, ^ome technicians, when operating in cold 
weather, help to protect the sperm against cold shock by using a 
long type of vagina which contains within it the collection vial. A 
few individuals prefer an artificial vagina which is distended and 


pressurized by air instead of water. In this case, the inner liner is 
usually made of a rather heavy type of rubber with a rougher than 
usual surface, and it is sometimes used unlubricated. For' each 


ejaiulate, use a clean vagina to reduce the possibility of bacterial 


confainjjjation- 


. - In this method of collection, bull preparation is of special impor- 
tance. The hairs near the end of the sheath should be kept trimmed 
to a length of approximately one-half to two inches. The underside 
of the, body must be clean and should be washed with warm water 
free of soap, and allowed to dry prior to semen collection. 

Next in order-ls-the conditioning of the bull, psychologically and 
sexually, for maximum response us desired by the technician. A 
quiet cow, bull, or steer is generally satisfactory as the stimulus 
animal or "teaser.” As a means of increasing the quantity and quality 
of serrten, it pays to restrain most bulls just prior to collection. The 
studies in bull behavior by Almquist and Halo (1958) showed that 
more than twice as many sperm per ejaculate c.an often be obtained 
from a bull if he is restrained, allowed false mounts, or subjected to 
other te''sing. A field study revealed that spenn numbers increased 
G7 per cent when ejaculates were collected at the rate of two per 
week instead of one per week. Teasing metliods were a factor in in- 
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ducing one bull to ejaculate T7 times in five hours, and another 
yielded 79 billion sperm within a period of seven hours. The means 
of stimulating sexual activity included changing the teaser animal, 
changing the collecting site, circling the teaser around the bull, 
allmving false mounts, and presenting two teasers side by side. 

Prior to making a collection by means of the artificial vagina, the 

stimulus animal should be placed in a breeding rack (see Figure 20). 

s the bull starts to mount, the technician holds the artificial vagina 
alon^lde the confined mimaVs thigh with the open end lowered so 
to the it hy applying his free hand 

dahted ar, "" '’f >'■« vagL should be np- 

righted a once to protect the semen collection ^ 

sc^eni?tXnT"'“"’'-. “ '-""Sency device with which 

craen taken from a cnppled or hhido-lacking bull hy stimulating 
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the nervous system of his reproductive tract. With the probe in the 
rectum, the ciurent is started at a -low voltage and is increased 
rhythmically to the point where ejaculation usually occurs. The 
managers of breeding organizations report that this machine has its 
definite place but that they seldom obtain a quality of semen equal 
to that afforded by the artificial vagina. Some of the later units have 
been reduced in size because of being equipped with resistors. The 
manufacturers have been trying to devise improvements sufficient to 
eliminate the objectionable spasmodic reaction of some bulls. The 
animal can be best controlled in a narrow chute or similarly con- 
fined area. Cupps et al. (1957) collected semen on alternate weeks 
for eight weeks by the electroejaculation and the artificial vagina 
methods from nine Herford bulls sixteen to nineteen months old. 
The resulting differences in per cent of motile, live, or abnormal 
sperm were not significant, but the average sperm concentration, 
total number of sperm per ejaculation, and fructose and citric acid 
levels in the semen were significantly lower in the semen collected 
by electroejaculation. 

Massaging the Ampullae, Another metliod of collection and one 
that requires considerable experience and skill is the massaging of 
the ampullae via the rectum. Before practicing this system, firsthand 
knowledge should be obtained from someone who is adept at it. 
Some bulls respond rather poorly to it, and the collections of semen 
are not likely to be as clean as those made with the artificial vagina. 

• This method therefore is recommended only in the case of valuable 
bulls that are lame or for some other reason do not mount the cows. 

By a few stroking motions, rid the sheath of any residual urine 
to prevent urine contamination of the semen. Clip the end of the 
sheath and wash it with water, using a soft brush, partly to induce 
urination before collection, since urine is toxic to sperm. 

The assistant should hold a funnel leading to a test tube directly 
underneath the prepuce. Several test tubes should be kept on band 
so that a clean tube can be substituted if the one being used becomes 
dirty. The operator must have short fingernails, and it is well for 
him to wear a long-sleeved rubber glove as arm protection. The 
anus of the bull and the arm of the operator are well lubricated with 
mineral oil or vaseline or a mild soap. All feces are first removed 
from the rectum, and the ampullae are then located by protruding 
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the hand forward enough so that the fingers fall over the anterior 
edge of the pelvic bone Then a backward drawing of the arm and 
a gentle downward pressure of the hand will let the fingers drop 
into a triangular space formed by the two ampullae ( see Figure 21 ) 
The two seminal vesicles join the urethra at the apex of this tri- 
angle, and a band of tissue is felt just behind this point (Fig 21, 
c, d, and e) The ampullae are massaged by the ‘stnppmg tech- 
mque ’ The second finger of the hand is run between the two am- 
pullae, and the index and third finger are placed on the outer side of 
the ampullae A slow, rhythmic motion must be practiced with this 
massaging method 

Nonmottnfmg Males Bulls which refuse to mount for one reason 
or another can sometimes be trained to ejaculate The decoy is 
brought to the bull’s pen or other suitable area for his stimulation* 
After protrusion of the bull s penis and release of some semmal fluid, 
the person collecting applies an artificial vagina of about eight inches 
m length to the thrusting penis McLean (1937) found that a few 
weeks arc usually required to tram such bulls to the point of suitable 
response The decoys must be chapged more often than usual There 
are records of satisfactory collections for 18 months or longer, with 
conception rates almost as high as when normal collecting was prac- 
ticed 


The Dummy Cow Some of the breeding associations have the 
dummy on hand as part of the standard equipment, but reports in- 
dicate that the percentage of bulb that will mount it is smaller than 
the percentage that will mount a cow m the breeding rack The 
degree of success with this apparatus (see Figure 22) depends upon 
the trammg given the bull He shouU Brst be allowed to ejaculate. 
Zi" be taken to the same 

rdZr T corvee there, 

eas,lvTZeT,l Young bulls are more 

Z V r "r Yh' d^nrmy must be strongly 

“ suZorl ...» * Preferably of metal and adequate 

reseZlale J I'? ^ear some sbght 

be held m „ tj strong canvas The vagina can 

one sealed under the djmm>‘ " '>>' ""eps, or by some 



Figure 21. Pojition of the genital organs of the bull end method of manlpulotfng 
them; A, Massaging seminal vesicles. 0. Massaging the ampullae of the ductus 
deferens. The organs are: a. Seminal vesicles, b. Ampulloe. c. Body of prostote. 
d. Pelvic urethra, e. BuIboHirethroI (Cowper's) glands, f. Bladder, g. Pelvic bone. 
IMiffer end fvons, 193^.) 
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ways that will indicate the nature of his ejaculates and his service 
behavior. A high level of sexual activity and sperm-producing ability 
are desirable conditions governing purchase. 

' Volume. Thejvolume of semen is usually proportional to size and 
body weight of the animal, although it is something of an individual 
trait and may even be a family characteristic, as are milk and fat 
production in dairy cows. Yearling bulls may yield only a few cubic 
centimeters per ejaculate, whereas older ones often give 6 to 12 c.c. 
Healthy bulls of both the dairy and beef breeds average 5 to 6 c.c. 
There seems to be no marked breed difference in mature sires. A 
normal ejaculate may range from 1 to' 15 c.c. 

On the basis of moderate usage, some of the difference in volume 
may be due to the intensity of the sexual preparation-rrestraint, false 
mounting, and so on— before ejaculation. Another factor is the vary- 
ing amount of the more watery portion of the ejaculate known as 
accessory gland secretions. The main accessory glands, which are 
the seminal vesicles, vary in size between bulls and are often iin- 
^ymmetrical in size in the same bull. A little more than half of the 
ejaculate is from these glands, the function of which is to provide the 
kind of secretion that will facilitate the ejaculation of the concen- 
trated sperm fraction. 

Color. Normal bull semen resembles whole milk in color. Its white 
opaqueness is due almost entirely to the dense mass of sperm present. 
Grades of semen of lesser concentration are characterized by a more 
watery appearance, down to almo t transparent ejaculates. 

Abnormal color can reflect unhealthy genital organs. A yellowish 
color may indicate the presence of pus or urine, and a reddish or 
pinkish color, that of blood or degenerating tissue. A watery sample 
is also unnatural. All such ejaculates signify abnormal semen and 
should be discarded. 

Motility of Sperm. Wlien a drop of normal, fresh bull semen is 
viewed under the microscope, one sees a mass of swirling, progres- 
sively moving sperm. As the cooling process begins, motility becomes 
sluggish and fin.illy ce.ases. The object of cooling the semen to 3.5° 
to 40° F. is to presers'e the life of the spenn by consers’ing their 
energy and by slowing down hacterial growth. At body or room 
temperature they become exhausted in a few hours. 

Sperm Concentration. Ejacnhitcs of hcavj’ concentration arc in 
favor with technicians. The r,ite of semen dilution is based on the 
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number of progressi\ely motile ^perm rather than the ^olume of the 
ejaculate ’Normal bull semen ranges in concentration from 300 mil- 
lion to 2 billion sperm per c c , with an a\ erage close to 1 billion 


TESTING SEMEN FOR QUAUTli 

Wide \anation exists in the qualit> of semen obtained from dif- 
ferent bulls* Semen from all extensively used bulls, bke those in 
breeding organizations, should be subjected to tests, some routine 
and some penodic It should be understood, hosvever, that there is 
not yet an infalhble cnterion of the fertility of the sperm other than 
actual breeding Badly needed is a quick, rehable test for semen 
quality which will predict within very narrow limits the fertility of 
a gi\en semen sample 

Branton et al ( 1951 ) published the following statement, based on 
a series of correlation analyses of semen quality and fertihty, using 
100 samples “The following combination of tests and minimum 
standards are recommended for evaluating bull semen (a) An 
initial progressise motility of at least 50 per cent (b) The concen- 
tration as determined by pholocleclnc colorimeter or hemocyiometer 
should ^ at least 500 milhon sperm per c c (c) The modified meth- 
ylene blue reduction time, using 300 milhon sperm per c c , should 
not exceed nine minutes and preferably not 'seven minutes" (The 
methylene blue reduction test has not proved to be as practical and 
as Kidel) used as the earlier reports indicaied it would be Details 

bno , 

The Mol, Illy Teal. From an examuiation of 1,000 samples of bull 
V™ alb wT ^P'-™ ntoldity, as Ltermined 

(1) P^c^nt mT/r I T"® evaluation is based on 

nuLl!er oTlre v '■ «>™ete of the 

n per cent of the total s'pefmT™cnL “ “> 

(2) Tlie rate of mot.l.i, r, P mcrements of 10 per cent 

movement of the sperm’ -nic iT' 'i ' ^Peed of the forward 

etally seen are (T^ogTe;:.!: ,1^’ S™' 

>" ^ mdius ipprosimatmg length of .h^Tpel^TcTSto”' 
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to-side motion in static position, associated with aged semen, and 
(d) revejse— sperm in backward motion. ' 

So important is the test of motility in evaluating bull semen that 
the method of its estimation is here given in considerable detail,* 
using the techniques of Almquist ( 1958 ) : 


I. Prepahation of Slide for Estimation of Sperm Motility 

A. All surfaces which cqme in contact with semen -should be clean and 
sterile, including glass slides, cover glasses, and glass rods. 

B. Warm the slide (on microscope lamp), using care not to get slide 
too hot. Test by touching it to side of face.^ 

C. Place one drop of warm (98.6°F.^6r ST'’ C.) physiological saline? 
(0.9 gm. Nail in 100 ml. distilled HsOVor sodium citrate buffer (2.9 gm- 
Na 3 CoHs 07 , 2 H 20 in 100 c.c. of distilled water) on the prewarmed slide. 
(If the serrlen has been diluted to 1:25 or over, no citrate buffer may' 
be needed ^except with homogenized milk diluent, when the buffer may 
be helpful.) 

D. Invert tube of semen' two or three times to mix well. With raiV 
semen^ place a small amount of semen in Uie saline or citrate buffer by 
barely touching the tip of i glass rod with semen into the buffer. With 
diluted semen, a larger sanVple (one drop or a smear the size of a dime) 
“will be needed since no buffer is used. 

E. Immediately, placp the cork in the tube of semen and put the tube 
'back in the beaker of cold water or into the relrigerator. X)o not let the 
semen in tlic'tube warm up. 

F. Gently place a cover glass Wer the semen sample. With raw semen, 
first mix the semen and buffer with the cover glass. This glass thins the 
r sample out for better observation and prevents the sample from drying 
I out too rapidly. It also reduces the possibility of smearing the objective 
' of the microscope with semen citrate buffer mixture. 

G. Warm the slidr to body temperature, 37° C. (93.6° F.). A stage in^ 
cubalor is desirable. The microscope should be kept in a warm room, or 
it may be necessar>’ to rewarm the slide during examination. 

H. If a stage incubator regulated at body temperature is used, it should 
be permitted to warm up for 15 minutes before a slide of semen is placed 
in it. 

I. For comparison, two semen smears from the same tube of semen 
should be placed on n slide at the same lime. 

J. After completing the estimation of sperm motihly, place the glass 
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shdts and co^er glasses m scpdrate beakers of svater for stibscquenl 

cleaning 


11 Use of Micnoscopf ron MoriLmr Estimation 

A With nosepiece adiusled so Ibat shorter objecllse (lOX) is oser 
hole of stage, turn mirror with Bat side facing condenser so that it 
reflects light from lamp through the condenser and through hole in the 
stage (With a substage lamp, the mirror is not needed ) Ad|ust the 
mirror until the field in view is evenly, and brightly illuminated Tlie con- 
denser should be positioned so that its top surface is approximately one- 
half inch below the top of stage 

B After placing the prepared slide on the stage, grasp the coarse ad- 
justment {large wheel), and watching the objective from the side of 
the jnicroscope, turn it clockwise until the objective nearly touches the 
sbde 

C Look through eyepiece and slowly turn the coarse adjustment 
counlerclocloiVise to bring the sperm mto view 
D Manipulate the fine adjustment (small wheel) to bring th'e sperm 
into sharp, clear focus 

E Examine ynder the low power (lOx) objective by looking at sev« 
eral fields to insure that the semen is evenly distnbuted and appears the 
same in all fields Estimate the percentage of motile sperm to the nearest 
10 per cent while focusing up and down with the fine adjustment 
F Carefully turn the nosepiece to brmg the high power objective (43 
or 44X) oser the field If it appears that the objective will stnke the 
slide, turn the coarse adjustment counterclockwise to permit file ob- 
jective to come into place 

G Focus as above with fine adjustment only Great care is needed be- 
cause the high power objective is too close to the slide Vievv several 
fields on each smear 

H To help reduce eye stram, keep the eye that is not looking through 
the microscope open, and alternately use both eyes for viewing 

IN Estimating Motility 

Method of Reducing 
One person should make all estima- 
tions for one purpose Practice 
and Care m Inseminution 
Use a smaller amount of fluid 


111 Common Eiwors 
Sou ce of Error 
A Human element 


B Flow or dnf* if sample 
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Have sufficient fluid. Do not allow 
slide to dry out Do not use the 
very edge of the smear. Estimate 
motility immediately after pre- 
paring slide. 

In general, motility is slower in di- 
luted semen containing glycerol, 
sefnen diluted in 1:1 egg yolk- 
citrate, and- slightly slower in 
homogenized milk than in skim 
milt 

Use a concentration of about 10 to 
40 million sperm per c.c. 

Have tlie slide of semen at 37° C. 
(98.6° F.). Avoid temperature 
shock at all times. 

Obtain a typical sample by invert- 
ing the tube several times. Use 
duplicate samples. 

IV. Fea-johes of an Adequate MiotoscoPE 


A. Monocular body with lOX Huyghenian eyepiece. 

B. A mechanical stage is preferable but not essential. _ 

C. Acromatic objectives of the following specifications; 



Etjunalent 

Jmhai 

Fiiwtl magnification 

Ttjpe 

foctis 

mugnijlcahun 

WX eyepiece 

Low po^\er (dry) 

16 mm*. 

lOX 

100 X 

High power (dry) 

4 mm. 

43 or 44X 

430 or 440X 


D. Phase-contrast objectives of the same magnifications can be used 
in place of acromatic objectives. They permit greater ease in observation 
and greater accuracy in mOtility estimation. 

Concentralion;' the Photoelectric Colorimeter, For present-day 
breeding organizations the photoelectric colorimeter is the best and 
most practical means of making sperm counts so that each bull’s 
semen can be so diluted as to insure enough sperm for every insemi- 
nation. The instrument must be standardized against known sperm 
concentrations as determined by the hemocytometer method before 


C. Dryness of slide. 

D. Dilutee effect 

E. Concentration effect 

F. Temperature. 

G. Sampling. 
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usiitR It louunely \{ several colonmeters are used m a state or other 
eooperatmg area, they should all be so standard, 7ed as t5 obtam 
s.mdar results and have s.mdar data reported to research workers 
They function on the principle that the higher the concentration ot 
sperm the greater will be the opacity or turbidity of the semen The 
operator should always follow the instructions of the accoippanyidg 
manual when setting up and using this equipment In addition, the 
following procedures practiced at the Dairy Cattle Breeding Re- 
search Center at the Pennsylvania Slate University should prove 
helpful 


I Opehatios of Instoumest 

The following specific instructions are intended only as a supplement 
to the general instructions contained in the mslruclion manual furnished 
witli each instrument Consult instruction manual for the proper setting/ 
up and operating procedures 

A Select a'^ location for instrument away from strong light and ex- 
cessive vibration 

B Permit instrument to “warm, up" for a period of at feast 20 minutes 
prior to use 

C Do not move or jar instrument while gdlv anomcler -switch is in the 
“Operate" position, or senous damage may result 

D Always check the zero position of pilvanomctcr before each senes 
of readings 

E Check (lie blank reading ( 100 per cent transmittancy ) before each 
t>ampJc determination The blank should consist of 5 0 ml of 2 9 per cent 
sodium citrate solution (without sulfanilamide) in a clean, dry absorp-' 
tion cell 

F. Use the red filter, 630 m/i. for all blank and sample readings 


II Determination of Sperm CbNCEvniATiON 

A Pipette 5 0 ml of a 2.9 per cent sodium citrate solution into a clean, 
dnj aksorplion evH (test lube) The ctrale solution should be brought 
o room temperature before use Use pure crystalbne sodmm ctrate wrlh 
two mdtmlcs of water for preparing the citrate solution Store the 
titrate solution m a refrigerator and prepare fresh material at least- 
etery ttvo weefe Immednlely alter pntl.pg m ,he citrate solul.on, place 
- clam, dry Tuhhev stopper m each test lube ^ 
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B. Add 0.1 inl. of freshly collected semen to the citiate by means of 
a 0.1 ml. capacity serological pipette. Carefully remove all tracer of 
semen from the outside of pipette by wiping it with a clean piece of 
cheesecloth. ' 

*C. Rinse the pipette at least three times by drawing up and discharg- 
ing citrate solution into test tube. Following final rinsing of pipette, blow 
out the last drop while ,touchmg the tip of the pipette to the inside of 
the test tube. 

D. Replace rubber stopper and carefully invert diluted sample at 

least' fivc^times to insure complete mixing. Do not shake the tube, as it 
is'important to avoid the formation of air bubbles at the surface, of the 
liquid. ^ 

E. Adjust the colorimeter to read 100, using a test tube containing 
0n?{/'the citrate solution. Wipe the surface of the test tube with a clean, 
dry piece of * cheesecloth before placing it in the colorimeter. The col- 
orimeter must be adjusted to 100 before each reading. 

F. Place the test tube containing the semen in the sample holder im- 
mediately after mixing, and make the leading. The surface of the sample 
tube also should be wiped with a piece of cheesecloth. 

G. Record the first stopping point noted in the swing of the galvanom- 
eter. If difficulty is encountered in obtaining a rpading, remove th^ sample, 
mix the contents again, and replace the tube in the sample holder. 

H. “Drifting” or a gradual shifting of the galvanometer may be en- 
countered. However, the instrument is standardized on the basis of the 
reading procedure described above, and thus it is essenti&l that the first 
stopping point be used as the colorimeter reading. 

I. Refer to Table VI and record the concentration of spermatozoa cor- 
responding to the colorimeter reading. 

III. Notes 

The absorption cells must be carefully cleaned to prevent 'scratches 
caused by careless handling and brushing. Scratches on the surface of 
the glass tend to distort the light passing through the sample and re- 
sult in inaccurate,Teadingir. 

Do not remove filter holder from instrument while light is on. Full 
illumination striking the galvanometer may result in serious damage. 

If the filter is broken and a replacement is required, the instrument must 
be restandardized. Thus, it is highly advisable to obtain a plastic or 
cloth cover for Ihe instrument at all times. Rispcct filter at monthly in- 
tervals and carefully clean, but only if necessary. Consult instruction 
manual for the proper method of cleaning the filter. 
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Tahue VI Maximlm Dilutios Leveis to U^e Virrn Differfst 

>\XIIAGE CosCEVTf ATIOSR OF SpERIIATGIOA 


Dilulim level lo ffire 
tn diluled temen 

Conceniralion, (milliom of tperm) 

sperm/ct 

(milltom) 12 10 8 6 


Dilution level lo give 
in diluled temen 

CaneenlTolxon, {milhont of tperm) 

tpermle e — 

(mtl/toTu) 12 10 8 0 


100 

7 

9 

12 

16 

1,450 

120 

144 

ISO 

241 

150 

11 

H 

18 

24 

1,500 

124 

149 

187 

249 

200 

10 

19 

24 

32 

1,550 

12S 

155 

193 

257 

250 

20 

24 

30 

41 






300 

24 

29 

36 

49 

1,600 

132 

159 

199 

266 






1,650 

13G 

164 

205 

274 

350 

28 

34 

43 

57 

1,700 

141 

169 

211 

2S2 

400 

32 

39 

49 

66 

1,750 

145 

174 

218 

291 

450 

36 

44 ‘ 

55 

74 

1,800 

149 

179 

224 

299 

500 

41 

49 

61 

82 





550 

45 

54 

68 

91 

1,850 

153 

184 

230 

307 

COO 

49 

so 



1,900 

157 

189 

236 

316 

74 

90 

1,950 

161 

194 

243 

324 

650 

53 

64 

80 

107 

2,000 

ICC 

199 

249 

332 

700 

750 

57 

61 

69 

74 

86 

93 

no 

124 

2,050 

170 

204 

255 

341 

800 

06 

79 

99 

132 

2,100 

174 

209 

261 

349 

850 

900 

950 

1,000 

70 

74 

78 

82 

84 

89 

94 

99 

105 

112 

118 

124 

141 

149 

157 

166 

2,150 

2,200 

2,250 

2,300 

178 

182 

186 

191 

214 

219 

224 

229 

268 

274 

2S0 

28G 

357 

366 

374 

3S2 

1,050 

86 

104 

130 

174 

2.350 

195 

234 

293 

391 

1,100 

91 

109 

136 

182 

2,400 

199 

239 

299 

399 

1,150 

95 

114 

143 

191 

2,450 

203 

244 

305 

407 

1,200 

99 

119 

149 


2 500 

207 

249 

311 

416 

1,250 

103 

124 

155 

207 

2,550 

211 

254 

318 

424 

1,300 

107 

129 

162 

216 

2,600 

216 

259 

324 

432 

1,350 

111 

134 

168 

224 

2,650 

220 

264 

330 

441 

1,400 

II6 

139 

174 

233 

2,700 

224 

269 

33G 

449 
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Other Tests. Another method of gaining some information relating 
to semen quality is to store samples of diluted semen in a refrigerator 
at 35° to 40° F. The samples of good quality should retain their 
motility for 14 or more days, whereas those of low quality will do 
so for a few days only; 

Although not used widely today by artificial breeding organiza- 
tions. several other semen quality tests are employed from time to 
time. These include the methylene blue reduction test (previously 
mentioned), impedance change frequency, the sperm morphology 
count of stained preparations, and the dead-alive staining method. 


HANDLING THE SEMEN 

After obtaining a good collection of semen that has been properly 
protected against cold shock, sunlight, water, or harmful chemical 
agents, the semen should be put in sterile containers and kept cov- 
ered as much as possible. The technician should dilute it immedi- 
ately, especially if it is to be held for longer than two hours. Cool 
by placing the tubes of diluted semen in a beaker of water at 70° F. 
and put in a refrigerator set for a temperature range of 35° to 40° F. 
(2° to 4.5° C. ) . The rate of cooling will then approximate 5° C. every 
20 minutes. Many cattle breeding organizations now practice air 
cooling of semen by using “walk-in cold rooms,” with satisfactory 
results. 


SEMEN DILUTION 

Dilution expands semen volume so that many cows— sometimes 
400 or more— can be inseminated from a single ejaculate. A good 
diluter also prolongs the life of the sperm. Trials by Swanson and 
White (1956) indicated that when dilution was done within five 
minutes after semen collection and when the temperature of the 
diluter was approximately 80° to 90° F.. the motility ratings made 
initially and for ten days after storage were significantly higher than 
when the diluter was 60°, 70°, or 100°. Likewise, after freezing, the 
revival rates were higher from the semen that had the 80° to 90° 
diluter. 

The most popular diluters for bovine semen in recent years have 
been the egg yolk-citrate diluter and the milk diluter. 
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I Milk Diluter Preparatiov 

(usually made the day before use) 

A Source of Mxlk 

Obtain milk from a reputable creamery or dair> which can supply 
homogenized pasteurized inilk or pasteurized skim milk (Skim 
milk fortified with extra milk solids should be asoided, as m 
dicated by the work of Saacke et al , 1955 ) Homogenized milk 
containing vitamin D or activated crgosterol is all right 
B Heating of Milk 

1 Double Boiler Method 

a Heat the milk in the top portion of a covered Pyrex glass or 
aluminum double boiler to the safe, mmimum temperature 
of 19S® to 203® F (92® to 95® C ) Removfe the thermometer, 
replace the lid and continue to heat for ten minutes 
b Use thermometer to assure that the milk has reached 198® F 
at the start of the ten minute hcalmg penod 
c Cool the heated milk approximately to the same tempera 
turc as the semen to be diluted 
d Slowl> pour the milk from double boiler, leaving any surface 
scum on the side of the vessel 
2 Direct Heat Method 

a In order to use this system it should be possible to regulate 
the amount of heat A gas burner, such as -a Bunsen burner, 
can be used, or an electric hot plate with a rheostatic type 
switch Poor results have been reported with the use of an 
ordinary three speed electnc hot plate 
b Heat the milk to a temperature of 203® F (95® C ) and 
then reduce the heat so that the temperature is maintained 
at 198® to 203® F Begin the ten mmute heating mterval 
when the milk has reached a temperature of 198® F 
(92® C) 

c A thermometer should be used* 

d After cooling the surface scum usually will cling to the 
side of the vessel when the boiled milk is transferred to 
other containers If boding breaks the scum into small 
piecw remove them by fiUenng the milk through a piece 
of stenle cloth. * 

C Componion of Hcatmg Methods 
1 Double Boiler 

1 No danger o! orerheatiog on boilmg too v.goroosly 
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b. Because the double boiler is covered, there is no danger of 
excessive loss of water by evaporation if the heating interval 
happens to exceed ten minutes. 

c. Unless thermometer is used, the results may be poor due 
to failure to attain the desired temperature. 

2. Direct Heat (open vessel) 

a. Faster heating than with double boiler. 

b. There is danger of losing too much water if heating is too 
rapid or too long. 

D. Precautions and Suggestions 

1. Do not under-heat. Use thermometer and make sure the milk 
reaches IQS'* F. <92° C.). 

2. Do not prolong the heating interval beyond ten minutes when 
an open vessel is used. 

3. Do not add unheated milk to the heated milk to be used as 
a semen diluter, as relatively small amounts exert harmful 
effects. 

4. Add penicillin, streptomycin, and coal tar dyes— if used, after 
the milk has been heated and cooled. The antibiotics aid in 
milk preservation. 

5. The penicillin and streptomydn can be dissolved with heated 
milk rather than with sodium dtrate buffer solution. 

6. Milk can be heated prior to use and stored in a refrigerator. 

II. Milk— 10 Per Cent Glycerol Diluter Preparation 

A. Dilute the semen ejaculate to one-half the final desired volume, 
either with fresh heated skim milk or homogenized milk contain- 
ing the antibiotics. 

B. Cool to 40° F. over a period of one and one-half to two hours. 
(Some operators prefer to cool the semen in bulk instead of in 
the shipping test tubes.) 

C. Add an equal volume of cooled (40° F.) milk diluter having 20 
per cent glycerol by volume. For best sperm livability this is done 
stepwise, first 20 per cent, second 30 per cent, and finally 50 per 
cent of the total volume of milk— 20 per cent glycerol in three 
stages at ten-minute intervals. The addition of this milk— 20 per 
cent glycerol fraction can also be made dropwise in a cold room 
during the cooling process by using a separatory funnel. 

D. The diluted semen now has 10 per cent glycerol by volume. Pour 
it into test tubes and pack for shipment, since no equihbrating is 
needed as in freezing semen. 

Note; For best fertility: (a) Ship and store this diluted semen 
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,n vials and tubes completelj filled to protect against agitation 
and aeration (b) Carr) the semen on the road onlv one da> 
Leave remaining suppl) m filled tabes m the refngerator for sub 
sequent da)S (c) Maintain a uniform storage temperature be 
tween 35° and 40° F 

Ecr Yolk Cttoatz Diluted Preparation 

This diluter, devised by Salisbury ct at {1941), is prepared as 


lonuwi j i. j » 

A. Dissolve 2.9 gm of crystalline sodium citrate dinydraie 
(NaaCaHjOtaHjO) in 100 ml of disblled water over glass 
B Prepare the required volume of egg >olh from freshest eggs after 
w asbmg them and then soaVing them in 70 per cent etb> 1 alcohol 
for five minutes and then dr> before breaUng the shell 
C Using aseptic precaution remove all egg white from around the 
yolk, puncture the yolk membrane, and allow the yolk to flow 
into a stenle glass container 

D To prepare 50 ml of the diluter, rout together 4 parts by volume 
of the citrate buffet and 1 part of the egg yolk. 


Modifications of these diluters have been used lately, frequently 
with profitable results According to a 1958 survey of 58 breeding or 
ganizations in the United States, 60 per cent were using milk as all 
or a part of their work of dilution Of these, 16 reported milk glycerol, 
13 milk only, and 6 milk -egg yolk-citrate There were 16 that used 
egg yolk-citrate, 6 the egg yolk-citrate glycerol, and 1 an unnamed 
diluter Almquist ( 1954 ) reported little difference betw een egg yolk 
citrate and heated milk (both with antibiotics) as diluters for semen 
from high fertility bulls However, in the case of semen from bulls 
of relatively low fertility tlie semen containing heated milk usually 
showed a higher fertility rale 


Of special significance was the evolving of the milk glycerol di 
Inter Us increasing use was prompted largely by the observations 
by McLean (1956) and bv Flipse and Almquist (1956) McLean 
found that the adding of glvcerol either to egg yolk citrate or to 
heated homogenized whole milk prolonged the life of bull sperm 
Flipse and Almquist noted that glycerol at the 5 per cent level as 
compar^ to 25 per cent, resulted in markedly higher sperm motihty 
m stored semen when either was added to a diluter of egg yolk 
glycine A little later Almquist (1957) reported the satisfactory 
maintaining of fertility of bull sperm for at least four days through 
the use of the milk glycerol diluter With this diluter -md twice a 
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week cbllections from all serviceable bulls of a stud, the chief ad- 
vantages are: (1) Selected matings are nearly always possible be- 
cause of choice of sires. (2) Fewer sires are required. (3) Faster 
proving of young sires is practiced. (4) Labor and certain other 
costs are reduced. The system of frozen semen possesses these same 
advantages plus some others, but it is more expensive to operate. 

Diluter Improvement. Investigators continue assiduously the task 
of improving the better-known, more commonly used diluters for 
bovine semen and of evolving new ones. Foote et al. (1958) com- 
pared a diluter, CUE, with a 50 per cent egg yolk-citrate control. 
CUE consisted of 1 part of yolk to 4 parts of a pH-adjusted buffer 
that contained 1.45 per cent sodium citrate, 0.21 per cent sodium 
bicarbonate, 0.04 per cent potassium chloride, 0.30 per cent glucose, 
and 0.937 per cent glycine. The diluter contained sulfanilamide, 
.penicillin, and dihydrostreptomycin. For one-day-old semen the 60- 
to 90-day non-return rates were practically equal, but for two-day- 
old semen, the figure for CUE was 75 per cent and for the control 71 
per cent. 

VanDemark and Sharma ( 1957 ) evolved the IVT ( Illini Variable 
Temperature) diluent into which COj is incorporated. The diluted 
material is then sealed hermetically ih ampoules and stored in a 
dark room at temperatures from 65° to 80° F. Preliminary results in- 
dicated a rather good fertility rale for six to seven days. Later Van- 
Demark and Bartlett (1958) reported that when the sodium bi- 
carbonate level was raised, semen stored at 40° F. showed a motility 
decrease from 71 to 63 per cent, only, in 20 days. With extra glucose, 
egg yolk, and added catalase in the IVT diluter, one- to seven-day- 
old semen yielded 10 to 20 per cent higher 60-day non-return rates 
over those in the earlier large-scale trials. Albright et al. ( 1958 ) re- 
ported milk as a diluter superior to sodium citrate when washed 
sperm, plasma removed sperm, and whole semen were involved. The 
combination of milk and seminal plasma surpassed that of sodium 
citrate and the plasma as a substrate. for the maintenance of sperm 
motility. Roy and Bishop (1954) and Saha and Singh (1958) ob- 
tained a significantly longer maintenance of good motility by means 
of glycine-containing diluters than by egg yolk-citrate, the control. 

Dilution Rate (Insemination Dose). It is of nmjor importance that 
semen be diluted in proportion to the number of progressively motile 
sperm per cubic centimeter of semen. To e.xpand bull power it is 
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tsiciitial tint as few sperm as possible be used per insemination, 
consistent with a satisfactory rate of pregnancy Much progress has 
been nude toward this goal Willett and Larson (1952) indicated 
tint sperm numbers take precedence over dilution effect in in- 
fluencing fertility in dilutions at 1 100 and 1 300 The difference in 
non return rates was no longer significant when those rate averages 
were adjusted to the identical sperm numbers by covariance Salis- 
bur> and Bratton (1948) made dilutions as high as 1 400 without 
markedlj reducing fertility, and they suggested 5 to 10 million sperm 
per insemination as the minimum Olds et ol (1953) reduced sperm 
numbers from 48 to 4 million per insemination without significantly 
affecting fertility, but 12 mithon and more gave a little better re- 
sults Using motile sperm concentrations, of 5, 10, and 15 million 
sperm per cc (insemination), Bratton el of (1954) studied the re- 
sults with 12 558 first services The fertility rate was practically the 
same with the two highest concentrations but fell from 709 to 667 
per cent when motile sperm numbers were reduced from 10 to 5 
million per insemination In most parts of the world the average 
dosage of 1 cc of diluted semen seems to be the standard for cows, 
with a probable range of 05 to 1 5 c c In the trial by Olds et al 
dosages of 0 25, 0 5, 10 and 2 0 c c , containing 16 or 24 million 
sperm, produced pregnancy rates without significant differences 
For use in liquid form at least 10 million motile sperm per ml of 
dfluted semen is recommended Semen for freezing should have a 
30 to 35 per cent heavier concentration 


Anfib.odcs All semen contains varying numbers of bacteria at 
time 0 collection, sometimes m the hundreds of thousands The addi- 
lon of antibiotics is an effective measure, both to control bacterial 
W V? w inception rate of some of the bulls of 

'r ™ 't 's sound procedure to use 

used portmns tf st ‘he semen Un- 

Udaysrvith„ntdeterirtrar.^e%?n::^^^^^^ 
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Storing Liquid Semen. The optimum .sloiagc tempeiatuie for 
liquid bull semen is approximately 35° F., but 38° to 40° F. is easier 
to achieve. The 40° F. point should be considered the upper limit. 
At such holdings the bacterial growth is kept at a minimum. Sperm 
survival and duration of motility are not effected by the settling out 
of seminal plasma or egg yolk during storage, but a diluted sample 
should always be gently mixed before evaluation and also just prior 
to use for insemination. 

Coloring Semen for Breed Identification, The semen of bulls of 
different breeds cannot be distinguished by any characteristic of the 
semen itself. Hence in the important work of identification, breeding 
organizations now add coal tar food colors. This procedure, as rC' 
ported by Almquist ( 1946 ) , does not affect the livability and fertility 
of the sperm. Colors generally in use in the United States as recom' 
mended by the National Association of Artificial Breeders are; 
Ayrshire-Purple Holstein— Green 

Brown Swiss— Brown Jersey— Red 

Guernsey— Yellow Beef Breeds— Orange, White, 

Blue, etc. 

INSEMINATION ‘OF COW 

The syringe, now generally the plastic bulb type instead of glass, is 
connected with a 16-inch plastic or glass tube having an outside 
diameter .of 6 mm. and an inside diameter of 1 mm. For heifers one 
with an outside diameter of 5 mm. is preferable. The plastic variety 
is more popular because it bends without breaking, and the price is 
so low that it is discarded after one use, thus saving labor. 

There are two chief methods for thfe insemination of cows. They 
are the rectovaginal, or cervical fixation, method and the speculum 
method. Since 1940 the former has rapidly replaced the latter. 

The Rectovaginal Method. The principal steps for the technician 
are: (1) Wear obstetrical clean rubber or plastic glov.e and sleeve 
on right arm. (2) Adjust bulb or syringe to the inseminating tube 
and draw in 1 ml. of semen. (3) Hold this loaded equipment tem- 
porarily in horizontal position in mouth. (4) Lubricate glove and 
sleeve with soap and water. (5) Carefully insert the hand and arm 
into the rectum for removal of the feces. (6) Clean the exterior of the 
vulva with cotton or paper towel, and the inside edges of the lips of 
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the vuUa\vith clean cotton (7) With left hand insert lube into the 
vulva as far possible \Mthout touching the side walls (8) Avoid 
urethra by pa. sing the tul>e along the top of vagina as far as the 
cervix (9) With right hand in rectum press down on the rectal wall 
grasp the cervix and v ith the aid of the little finger and thumb 
around its posterior end guide the lube into the os uteri ( 10) Com 
bine gentle pressure of the lube with manipuhtion of the cervix 
until the desired penetration is obtained (11) Deposit the semen 
m the mid cervix or in the body of the uterus 

The Speculum Method The other method of insemination some 
times used involves the glass or metal speculum This equipment 
IS lubneated aseptically and carefully inserted in the vagirta (see 
Figures 23 and 24) After theecrvix has Ixjen located with the aid 
of a flashlight the inseminating lube can be inserted into the os uteri 
or postenor part of the cervical canal at an average of 1 to 3 cm 
By the rectovaginal method the sVillful technician can implant the 
semen more deeply n the mid cervix or into the uterus and the 
necessity of disinfecting the speculum lielwecn cows is obviated 
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Figure 24. A normal cow cervix, ot seen through a speculum. (W. W. Green ontf^ 
L. M. Winters, Minnesota Agr. Expt. Sia. Bui. 336, rcyised.) 


The sun'cy of fertility data by VanDemark ( 1952) indicated that a 
7.7 per cent higlicr conception rate was achieved by the rectovaginal 
method as compared with the speculum. 

Point of Deposition. For first service cows the inseminating tube 
is usually passed through the cervix and just into the body of the 
ulenis, where one-half to three-fourths of the semen is deposited. 
Then the tube is withdrawn to the mid-cervix, where the remainder 
of the semen is left. 

For .all repent inseminations, it is deemed advisable to insert the 
end of the tube only halfway into the cervix and deposit all of the 
semen there in order to avoid inlcrrupliou of possible prcgnanc>% 
because some cows manifest heal after conception has occurred. 
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Some technicians formcrl> pncticcd phting Oit stmui in the 
ulerme homs-about one half of il in each Tins procuh.re is no 
longer belrev eel juslififtd because of the discover) b> VanDninrk and 
Moeller (1951) tint tno sperm could reach tin. ovnrnn end ot the 
oviduct in a matter of minutes (as low as 2.S) after bemg placed in 
tlie cervts of the cow The stimulation resulting either from artificial 
or natural insemination induces the release of oxytocin from the 
pituitary gland, and this in turn causes uterine motihlv and thcj^c* 
suiting rapid transport of the sperm Cmmcns and Blachshaw (1950) 
studied the comparative effectiveness of the three most common 
sites of deposition of the semen in the artificial breeding program 
with cows, based on non returns GO to 90 days after inscmhiation 
The sites, the a\ eiage fertility results, and theimnilier of first scrMCCS 
involved were* (1) Cervix, 647 per cent for 0,796 services, (2) 
Body ot Uterus, 63 6 per cent for 6,(^ services, and (3) Homs of 
Uterus, 66 3 per cent for 6, (M3 services Stewart and Melrose (1952) 
gathered data on two sites as follows { 1 ) Mid*cerv ix, 6-1 3 per cent 
for 4,279 services, and (2) Body of Uterus, 64 6 per cent for 4,554 
services The difference m these vanous figures was not significant 
The other factors to remember m deciding the site of deposition 
are the hazard of pregnancy interruption and ulerme infection As 
early as 1943, Donald reported a study m winch 3 to 0 per cent of 


pregnant cows manifested cstrus and that it iisinlly occurred in the 
first 90 days after conception This was later confirmed by Donoho 
and Rickard (1935) Since antibiotics have become a part of prac- 
tically all semen dilutcrs for the cattle program around the world, 
numerous technicians, as previously slated, deposit half or more of 
the semen in the uterine body and the remainder in mid cervix on 
first insemination For repeat services the chosen site is the mid- 
cervix for all of the semen The work of VanDcmark ct d (1952) 
indicated pregnancy intcmiplion when semen without antibiotics 
was placed into the uterus, but intracemcal inscminalion could be 
practiced wthout danger Tanabceta! (1935) discovered that bac- 
tena played a major role in pregnancy interruption when semen 
tree ot antibiotics was deposited into the uterus, and that many 

of cow slauglitercd 
6 to 15 days thereafter With anUbiotics present, the bacteria were 
tew i£ any In pregnancy interruption the mechanical factor was 
nor Some day the technicians advocating the different points of 
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deposition may agree upon a standardized procedure, based on addi- 
tional data from research specialists. 


EFFICIENT BREEDING IN DAIKY COWS 

A study by Asdell ( 1957 ) levealed that faulty management by the 
cattle owners was the major cause of unsatisfactory Conception rates. 
Part of his data is based on a sui vey of 19,000 cows in artificial breed- 
ing organizations. This study supported the contention that cows first 
noticed in heat in the morning should be bred on the afternoon of 
that day, and those first showing heat in the afternoon or evening 
should be bred the next morning. The inquiry also showed that 21 
per cent of the cows were inseminated before the expiration of 60 
days after calving, and 37 per cent sooner than 70 days— this despite 
the fact that much publicity has long .been given to the point that 
the optimum period for conception is between 70 and 90 days after 
freshening. 

Some of the other weaknesses in management include failure to 
detect heat, especially in winter, the keeping of inadequate breeding 
records, failure in having regular examinations for pregnancy, and 
neglecting to call the veterinarian for early treatment of cows af- 
flicted with breeding troubles. The discussion below has a bearirtg 
on these and other factors: 

Time of Insemination. Every day thousands of cows are bred at 
different stages of heat, some according to plan and others without 
calculation. The highest rate of conception from single services is 
reportedly obtained when they are bred in the middle or latter half 
of the heat period. Theoretically this is correct, but in recent years 
the conception rate being obtained by those technicians who in- 
seminate the cows on the b.asis of travel time and without regard to 
the reported time of onset of heat has been surprisingly good. In 
fact the resulting non-returns frequently approximate those of the 
men who adhere to the orthodox rule. The factors responsible could 
include the scx’eral hours of latitude ax'ailable in relation to ovula- 
tion and insemination, greater accuracy in the reporting of onset of 
heat by the cattle owners, and decided improvements in the tech- 
niques of processing, preserving, and using the semen. 

OxTilation, the discharge of the egg from the ovary’, occurs ap- 
proximately 12 hours after the end of heat. In a breeding experiment 
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by the Nebrasl.a Expeiiment Station (Tnmbeiger and Davis, 1943) 
295 dairy cows and heifers weie inseminated at various stages of 
heat to determine the effect of time of service upon conception The 
results, expressed as percentages of conception from a single in- 
semination, were as follows stait of heat, 44, middle of heat, 82 5, 
end of heat, 75, 6 houis after heat, 62 5, 12 hours after heat, 32, 18 
hours after heat, 28, 24 hours aftei heat, 12, 36 hours after heat, 8, 
48 hours after heat, none 

By determining ov ulation through rectal palpation of the ovaries 
every two hours, Trimberger (1948) was able to gauge the effect 
of inseminations at different intervals before and after ovulation 
The results were 



Per cent 

Inseminahan time tnterial 

conception rate 

C to 24 hours before OMilntion 

79 

6 hours or less before ovulntion 

57 

More tlian 24 hours before o^ uhtion 

53 

12 hours 01 less after ovulation 

32 


The best time for insemination must be based on the time when 
heat begins or is first noticed because the occuirence of ovulation 
cannot be exactly predicted ' 

The approximate range in the heat period of cows is from 3 to 28 
hours and averages about 18 hours It varies widely with different 
cows, but each cow will usually have about the same length of period 
every year Most cows, however, have somewhat longer heat periods 
during the natural breeding season, when the days are long and the 
environment is favorable, than m the other seasons of the year 

Two inseminations of cows in one heat period, 10 to 24 hours apart, 
are sometimes advisable, but because of the extra time and cost 
involved, it is seldom practicable under the conditions existing in an 
artificial breeding organization Cows showing abnormal discharge 
should not be bred A bloody discharge on the rear of the animal 
shows that ovulation has occurred It bears no relation to conception 
Cows do not menstruate Aulrup and Rasbech (1953) reported that 
when 293 cows were inseminated in the hemorrhagic penod about 
48 hours after the end of heat, 87 (29 69 per cent) conceived The 
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aathore explained that delayed ovulation may have occurred or the 
ovum survival might have been longer than commonly supposed 
Interval after Calving Mass data from breeding organizations are 
atfording confirming information on the problem of the length of 
lime between calving and the first service thereafter The figures 
(Table VH) from Edwards (1951) arc from breeding records in 
England and Wales 


TABtE VII CoscEPnoN Ratk iv Relatios to 
Inter\al Bettvten Calmso and Fjiwt Sermce 


InUnal beiteefn cdUnng 
andJiTSl «mn« (dayi) 

0/ 

emri 

PfT cent oj covt 
conuittny from 
ftrsi ttmee 

0-30 

290 

•4S 3 

60 

2,012 

62 5 

-90 

4,431 

73 1 

-120 

3,068 

71 5 

-150 

1,265 

73 4 

-180 

619 

69 7 


Breedmg m Irregular Heat Period* A good many cows return to 
estrus at intervals that vary widely from the expected 2lHlay period 
Some breeders bebeve the chance of conception in such instances is 
so slight that the effort is not worthwhile A% affable data show that 
this is not the case Moeller and VanDemark (1931) gathered m- 
formation on 4 885 cows in the Southern Illinois Breedmg Associa- 
tion, revealing the time interval between two consecutive artificial 
inseminations for 8,173 cows between first and second and 1,712 
cowsbetvveen second and third Four per cent of the returns for serv- 
iw were between 2 and 17 days. 8 per cent between 28 and 35 days, 
21 between G6 and 50 days, and 11 per cent belw-een 51 and 72 days 
after the firrt msemmatmn W.lhu, a large populat.on the rebreedmg 
''Serdless of time lapse after previous 
m”’ " ‘ approximately 20 

per cent m cows settled in any one estrus 

to“of«nta “<= "pessary 
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gether There are still plenty of problems of herd health to challenge 
the cattle owner, veterinarian, breeding technician, and investigator 
Tanabe and Casida ( 1949 ) found a 65 1 per cent embryonic death 
rate within the first 34 days after pregnancy in their study of 104 
repeatedly bred but apparently normal cows Tanabe and Almquist 
( 1953 ) discovered an embryonic death rate of 54 1 per cent between 
3 and 30 days m an experiment with 200 repeat breeding heifers 
. Crossbreeding repeat breeders, that is, using a bull of another 
breed qn a hard breeding cow, does not increase the conception rate 
In a study of 6,509 cows. Olds and Seath (1950) noted that their 
breeding efficiency could not be well predicted on the basis of previ- 
ous conception rate Approximately only one of ten herds that were 
hard breeding one year continued to be a trouble maker the next 
Dunbar and Henderson (1950) have reported the heritabihty of 
fertility in dairy cattle to he near zero 

Barrett et al (1948) discovered that the conception rate based 
on 60 to 90 day non-ietums to service was approximately 55 per 
cent higher than the rate based on actual pregnancy examinations 
According to carefully gathered reports, about 10 per cent of the 
cows of nearly all herds give evidence of breeding trouble at some 
given time Routine pregnancy examinations and veterinary treat- 
ment for hard breeding cows pay dividends 

Nutrition. Nutritional deficiences are sometimes considered the 
cause of low conception An answer to the question of the possible 
relationship between nutrition and fertility in cattle is being at- 
tempted through a long-range regional project in the United States 
The different levels of energy intake, the vanation in quality and 
amount of protein, and the role of trace minerals on the fertility of 
male and female are examples of factors being evaluated The report 
of Bratton (1957) on a study of the results to date indicates no 
grounds for the earlier opinion that fertility may be badly affected, 
either by an umisiialK low or by an unusually high intake of feed 
nutrients in the period of early growth of the animals A similar 
conclusion is also cited with reference to dairy cow rations low m 
trace minerals and to \oung bull rations with \ ary mg qualities of 
protein The trials, lioweier, base clearly shown that when the 
nutrient consumption is so low as to stunt grow tli and normal del el- 
opminl, the miliation of the rcproductiie function is retarded 

Ape of Con. Virgin luifers require more sen ices, artificial or 
natiir il, on the average, than older cows ket in some herds the fcrtil 
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ity of the heifers is satisfactorj Most successful breeders avoid a high 
condition of flesh m all heifers of breeding age The highest rate of 
conception in dairy cows usually occurs from the third to the sixth 
pregnancy Studies with beef cows show that fertility is generally 
lowest at four years and 1 ighcst at nine years of age 

Age of Semen In the interest of breeding cflicieney, the age of . 
liquid semen should be carefully noted before use It can be used 
profitably up to four or five days of age if processed according to the 
methods previously outlined The maximum age at uhich l>o\me 
semen properly frozen and stored can be satisfactorily utilized has 
not been finally reported 

Mixed Semen Trials by Campbell and Jaffe (1058) revealed that 
the mixing of semen from several bulls did not improve semen 
quality— contrary to a belief m some areas of the world In fact 83 
of 104 mixed samples had a motility score less than that for the best 
Individual constituent sample 


PHACTICAL nECOMMESDATlONS 


These steps suggested by G W Tnmberger of Cornell University 
are the ones that owners of high breeding efficiency herds are trying 
to follow to the best of their ability 

1 Keep records of freshening dates, heat dates, service dates 
and other observations These provide the information necessary for 
a high breeding efficiency They help to delect irregularities and are 
of aid to the veterinarian in diagnosing trouble 

2 Turn open cows out twice dally and observe carefully for heat 
periods, especially 18 to 22 days after a previous period 

3 Cows should not be bred until at least 60 days after freshening 
Earlier service results in a low conception rate and poor reproductive 
hea^h of the cow at the next calving One or two “free” heat periods 
wuhout serv.ee dunng the first 60 days after freshening .s very help 
ful to get the cows reproductive organs m good condition for con 
ception 


orthn^rr ’'u tclained the placenta 

and 'normal discharge after calving have her examined 

fcetorp ^ ^ veterinarian until her genital organs are normal 
such cows A delay In breeding is usually required for 
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figure 26. Uniformly superior daughters of a noted proved Holstein stre Oakcrest 
Roburke Dean. (Courtesy American Breeders Service.) 

5. If a cow does not show heat so that .she can be bred at tlic time 
planned, have her examined promptly by a veterinarian. Any cow 
which has been fresh 80 days without indicating lieat should he re- 
ported to the veterinarian so that he can induce estrus. Early diag- 
nosis and treatment of breeding troubles arc extremely important. 

6. Avoid service during tlie first six iiours of heat. Cows first ob- 
served in heat in the morning must be bred the same day for good 
results. If bred the next day, results tnay drop as low as 30 per cent 
for conception from the first service. Cows first observed in heat in 
the afternoon and which definitely were not in heat in the morning 
should be bred the next forenoon. For artificial breeding organiza- 
tions such females are reported as "p.m.” cows. The following time 
table should be followed for best results in breeding dairy cows 
artificially: 


Ktat first 


U'Aen to breed 


In the mominK The Mmc day 

Afternoon or evrninj; Forenoon next day 


The next day 
After middle 
of afternoon 
the next day 
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7 A s»pplemc«uv> lulc to 6 is that dairy IcmaU s imisl he bred 
iwt later than 10 hours after the call of heat, Tlic kiiKtli of I'ool 
ringcs from 3 to 28 lioiirs ami averages 18 liours lloiecvcr, &0 per 
cent of the females ate in heat /-om JO to 24 hours Proper liming 
IS important because the sperm cells live only from 24 to 30 Iiours 
in the cow The egg is usitaUtj released bettveen 7 to li hours after 
the end of estrus, and it remains fertile only a few hours • 

8 If a cow does not conceive from the first three services, do not 
breed her again until she has been examined by a veterinarian A 
sexual rest period vv ithout service often aids conception Breed again 
when her genital organs are in good condition 

9 Breed females to a fertile sire when they arc normal, healthy, 
and ready to be bred Examination by a vctcnnarian miy be re- 
quired to determine both of these conditions Both sires and females 
have different levels of fertility As fertility m one sex decreases, the 
fertility m the opposite sex becomes of greater importance As fe- 
males decrease in fertiht), the most fertile bull available, vvlictbcr 
m natural or artificial breeding should l>c used m the effort to obtain 
the desired conception 

10 Since heifers arc often more difficult to get with calf than 
older cows, it is recommended that they be given largo amounts of 
high quality roughage and otherwise be permitted a health promot 
mg environment 


11 Dry cows off 60 days before calving and have them in good 
physical condition at time of calving 

12 Maintain sound reproductive health m cows by providing the 
following mineral box with needed minerals, plenty of exercise, 
proper housing feed and comfort, care of feet, protection from van 
ous infections that are bound to occur on every farm, isolation for 
cotes aborting, nq^tames unless recommended by a vetermarian, 
and breeding only to bulls of high fertility 

13 Asa guide in following the above recommendations, it should 
be recognized that a conception rote of 60 to 70 per cent from the 
Ts service or to 90 per cent pregnancies from three services is a 

5 to mT /'r r® •' ** '^^veoted that from 

to Um Ti “ « '’'before reasonable 

ten to twenty females m the herd 
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• HEAT PERIOD DETECTION 

Certain owners and herd managers are much keener at this tlian 
are some others. The cow with the “quiet” heat is the trouble-maker. 
The chief signs of heat in cows and heifers are these: 

1. Standing still while the other cattle ride them— usually a sure 
indication. 

2. Riding other cattle— although cows not in heat will frequently 
ride those that are in heat and the cow with “quiet” heat will do 
little or no riding. 

3. Bellowing and nervousness and attempting to ride the animal iii 
the adjoining stall. Reaching toward other cows or herdsman. 

4. Clear, watery secretions from the vagina. 

5. Some hair on tailhead and rump usually ruffled and rubbed otf. 

6. Decrease in appetite, and irregular milk production, usually a 
decrease. 


A REASONABLE CONCEPTION RATE 

What late of conception should be expected in well managed 
dairy herds? Perhaps as good an answer as any is afforded by a breed- 
ing, analysis of the 500-cow herd at the Clemson Agricultural College 
in South Carolina (Hem.an, 1959). The rate of conception is based 
on pregnancy diagnosis after artificial insemination. The results 
covered the two-year period from 1955 to 1957 and were as follows: 

1. Of the 660 cows inseminated, 591 (90 per cent) finally became 
pregnant. 

2. Fifty-six pel cent of Till cows became pregnant on first service. 

3. Following second service, 74 per cent of all cows were preg- 
nant. 

4. Following third sei vice, 81 per cent of all cows were pregnant. 

5. The average number of services for obsened iiregnaiicies was 
2.0. A few Cows were given fouitli and fifth services, and still fesver 
were inseminated up to nine times. 

6. Contrary to some evidence in other surveys, the rate for the 
316 heifers excelled slightly that of the cows, being 1.9 services per 
pregnancy. The total per cent betxnning pregnant was 97. Two per 
cent of the others were adjudged infertile. 
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7 Two per cent of the cows that failed to conceive were sold as 
sterile The others were disposed of for various reasons 

The above results arc good for so large a herd Most owners are 
well pleased when 85 to 90 per cent of their cows are in cjilf after 
three services Almost invariably some cows require a fourth or 
fifth service It is not usually considered economical to service after 
the fifth Many owners resort to examination by a veterinarian when 
the results are negative after third service 
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Buffaloes 


P BHATTACHARYA 


ilie domestic liuHalo natise to tlic East (Buhalm bubalis, L, or 
Bos bubalii) and the domestic cattle of Europe and Amenca (Bos 
indicus and Bos taums) have similar utility to manijnd, jet the 
former has received much less attention, and as a consequence 
comparatively little information on buffaloes is available m the 
literature Publication on artiBcial insemination m bulfalL is in- 
deed extremely meager As so little is kno%\n about th k ^ i . 
side Its habitat, some information on itsTovraoI , ' , 
importance in agricultural economy, potcntialitv , 
and so on, is given here hefore discussing artific development 
related matters m this species for il.„ * " “* ‘nsanimation and 
organizational aspects of artifiLl brtedmg'"''' 

onisra;b\ltr„td‘'rf“ 

and the river buffalo Though thf rn t s\s amp buffalo 

species, their habits are very different'™ belong to the same 

-ilh advantage There :s Z amS ' crossed 

falo being successfully bred with olh' '"'“""“''“n obout the buf- 
and many beliese that this “f lh= 


aim many beliese that this cannot be H 

buffalo precludes the possibility of mt 'l"° Pcoulianty of the 
characters in this species from othe" I ‘'“■'“'>le genetic 

-hare distributed all over the globe. 
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Figure 27 A long horned femolo buffelo of the Pandhorpurl breed, Indio 


the domestic bufEalo is to be found only over certain regions of the 
earth in the Far East, Middle East, and in a few countries of 
Southern Europe 

The world population of domestic buffalo is 70 million, as com- 
pared with 541 million cattle (FAO, 1947), but they contribute a 
great deal to tlie agricultural economy of the areas where they 
abound Like cattle, buffaloes arc useful for milk, work, and meat 
The relative importance attached to these qualities, however, differs 
from place to place 

In India, there arc 48 milUon domestic buffaloes of the nver type^ 
the largest concentration of buffalo for any one country These are 
greatly \alucd as dairy and worl animals Of the total milk produc- 
tion in the country, 55 9 per cent comes from the buffalo, though 
thc> constitute only 30 per cent of the milch cattle The Indian 
buffalo, on an average, produces 1,100 lb of milk in a lactation, as 
compared with 413 Ib for tlic Indian cow The Murrah breed of 
buffalo produces 3,000 to 5,000 Il> of milk during a lactation period 
of nine to ten months, and individuals >iclcling 10,000 lb of milK 
or more are not imeommon (Phillips, 1919) The fat content of 
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buffalo milk is much higher than that -of cow’s milk It contains 
6 to 7 per cent fat, as compared with 4 to 5 per cent for the co\s 
In Malaya, Singapore, the Philippines, and several other countries 
m the Far East, swamp buffaloes exist m good numbers They arc 
poor milkers but are valuable animals for haulage and cultivation 
Their large feet, slow movement, and heavy draft capacity make 
them particularly suited for paddy cultivation m swampy, water- 
logged rice fields The quahl> of buffalo meat is not as good as that 
of beef 

In the Middle East, where only the nver buffalo is available, the 
animals are valued for all the three purposes, milk, work, and meat 
In the countries of Southern Europe only n\cr type buffaloes arc 
available, they are mostly used for milk, and only in a limited way for 
work or for coarse meat 

With good pasture grass and with adequate concentrates, cattle 
are more efficient and economic producers of milk and meat, but 
the buffalo has some characteristics that make it more suitable and 
economical under many conditions of 'Underdeveloped agricultural 
economy The buffalo is not discriminating m foraging and can thrive 
with a minimum of attention It can produce even when kept on 
coarse pasture and other roughages, such as sedge, reed, bush, and 
forest growth of the tropics The stock owners m these regions main- 
tain buffaloes, not from ignorance of the possibilities of other cattle, 
but because they find that m the prcvailingyagricultmal situation 
no other domestic animal will thrive like'me I)uff5o and be so 
economical There is no doubt that for a long time to come the 
domestic buffalo will continue to have a very important position in 
the agrarian economy of these areas, and, therefore, every attempt 
to improve the quality of these animals should be made so that they 
will be more valuable There is a great deal of genetic variability 
m the existing stock of domestic buffaloes and this offers a wide 
scope for selection and improvement Application of artificial in- 
semination can play a significant role m facilitating and accelerating 
the process of development 


In many ways the physioloKr of reproduchon of the buffalo is 
similar to that of the buff, yet in several aspects of the reproductive 
gienomenon the two species differ To achieve best results, the 

Aerffn h gathered from the bull cannot, 

therefore, be apphed in the buffalo without some modifications 
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In this chapter an attempt has heen made to bring out, from the 
existing knowledge, the points of difference between the two species, 
rather than deal with different aspects of artificial insemination in 
detail. 

. ANATOMY OF THE REPBODUCTIVE ORGANS 

Male. The external genitalia of the male buffalo are similar to 
those of the bull. In the buffalo of the river type, the penis hangs 
in a six- to twelve-inch pendulous sheath formed by a triangular 
fold, of skin extending from the umbilicus backwards, in much the 
same way as in Zebu cattle. The swamp buffalo has the penis con- 
tained in a sheath which adheres close to the body except at the 
umbilical end, where it hangs free by an inch or so, as in European 
cattle. In the buffalo, there is no tuft of hair at the preputial opening. 

The scrotum in the swamp buffalo is small, being only about four 
inches when fully extended and has no constriction near the attach- 
ment to the abdominal wall. In the river buffalo, the scrotum is 
larger, with a distinct neck, but even so it is much smaller in size 
than the scrotum of a bull of similar size. 

According to MacGregor (1941), the testicles descend in the 
scrotum when the buffalo calf is about six months old, but in the 
Murrah buffalo the writer has observed the presence of testicles 
in the scrotum at birth. The testicles hang in the scrotum with the 
long axes perpendicular to the body when relaxed, but when drawn 
up close to the body by the cremaster muscles, the long axes assume 
the anteroposterior position. The fully developed testicle of a mature 
buffalo bull is about half the size of that of a mature bull of European 
breed. On histological examination the lumen of the seminiferous 
tubules in the buffalo lias been found to be even smaller than that in 
the ram or the goat ( Mukherjee et hi., 1957 ) . 

The seminal vesicles are also relatively smaller in size in the 
buffalo than in the bull. " 

Female. The female genitalia of swamp and river buffaloes are 
similar and resemble those of the dairy or beef cow (MacGregor, 
1941). Folding and Lall (1945) made comparative studies on the 
genitalia of Indian female buffaloes and Zebu cows and observed 
that the utenis of the buffalo is larger and more turgid than that of 
the cow. The ovaries of the cows are mottled and freely mobile in a 
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builalo imlk is much higher than that -of cow’s milk It contains 
6 to 7 per cent fat, as compared with 4 to 5 per cent for the cow 
In Malaya, Singapore, the Philippines, and several other countries 
m the Par East, swamp buHaloes dost in good numbers They arc 
poor milkers but are valuable animals for haulage and cultivation 
'Their large feet, slow movement, and heavy draft capacity make 
them particularly suited for paddy cultivation in s\vampy, water- 
logged rice fields The quality of buffalo meat is not as good as that 
of beef 

In the Middle East, where only the river buffalo is available, the 
animals are valued for all the three purposes, milk, work, and meat 

In the countnes of Southern Europe only rivcr-lype buffaloes arc 
available, they are mostly used for milk, and only in a limited w ay for 
work or for coarse meat 

With good pasture grass and with adequate concentrates, cattle 
are more efficient and economic producers of milk and meat, but 
the buffalo has some characteristics that make it more suitable and 


economical under many conditions of underdeveloped agricultural 
economy The buffalo is not discriminating in foraging and can thnvc 
with a minimum of attention It can produce even when kept on 
coarse pasture and other roughages, such as sedge, reed, bush, and 
forest growth of the tropics The slock owmers in these regions main- 
tain buffaloes, not from ignorance of the possibilities of other cattle, 
but because they find that m the prevaihng,.^grjcultural situation 
no other domestic animal wnll thrive like the buffalo and be so 
economical There is no doubt that for a long time to come the 
domestic buffalo will continue to have a very important position in 
the agrarian economy of these areas and, therefore, every attempt 
to improve the quality of these animak should be made so that they 
will be more valuable There is a great deal of genetic variability 
m the existing stock of domestic buffaloes and this offers a wade 
scope for selection and improvement Application of artificial in- 
sem nation can play a significant role in facilitating and accelerating 
the process of development 


In many ways tbe physiology of reproduction of the bu£falo is 
similar to that of the bull, yet in several aspects of tbe reproductive 

best results, the 

femfum gathered from the bull cannot, 

therefore, be appbed in the buffalo without some modiffcations 
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In this chapter an attempt has been made to bring out, from the 
existing knowledge, the points of difference between the two species, 
rather than deal with different aspects of artificial insemination in 
detail. 


ANATOMY OF THE BEPRODUCTIVE ORGANS 

Male. The external genitalia of the male buffalo are similar to 
those of the bull. In the buffalo of the river type, the penis hangs 
in a six- to twelve-inch pendulous sheath formed by a triangular 
fold of skin extending from the umbilicus backwards, in much the 
same way as in Zebu cattle. The swamp buffalo has the penis con- 
tained in a sheath which adheres close to the body except at the 
umbilical end, where it hangs free by an inch or so, as in European 
cattle. In the buffalo, there is no tuft of hair at the preputial opening. 

The scrotum in the swamp buffalo is small, being only about four 
inches when fully extended and has no constriction near the attach- 
ment to the abdominal wall. In the river buffalo, the scrotum is 
larger, with a distinct neck, but even so it is much smaller in size 
than the scrotum of a bull of similar size. 

According to MacGregor (1941), the testicles descend in the 
scrotum when the buffalo calf is about six months old, but in the 
Murrah buffalo the writer has observed the presence of testicles 
in the scrotum at birth. The testicles hang in the scrotum with the 
long axes perpendicular to the body when relaxed, but when drawn 
up close to the body by the cremaster muscles, the long axes assume 
the anteroposterior position. The fully developed testicle of a mature 
buffalo bull is about half the size of that of a mature bull of European 
breed. On histological examination the lumen of the seminiferous 
tubules in the buffalo has been found to be even smaller than that in 
the ram or the goat (Miikherjee et hi., 1957). 

The seminal vesicles are also relatively smaller in size in the 
buffalo than in the bull. ' 

Female, The female genitalia of swamp and river buffaloes are 
similar and resemble those of the dairy or beef cow (MicGregor, 
1941). Folding and Lall (1945) made comparative studies on tlie 
genitalia of Indian female buffaloes and Zebu cows and observed 
that the uterus of the buffalo is larger and more turgid than that of 
the cow. The ovaries of the cows ore mottled and freely mobile in a 
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loose attachment, but the buffalo ovaries are more tightly secured 
The Fallopian tubes of the buffalo are more deeply involved m the 
broad ligament than those of the cow anti are also coarser in ap- 
pearance 

The uterus of the Zebu is cream colored and faintly tinged >vith 
pink m the young animal and yellowish like old ivory in older ani- 
mals The buffalo uterus is whiter and stippled with superficial veins 
not obvious in the cow 

The corpus luteum in the buffalo has a pinkish grey color veined 
with red, which fades during the regressing phase At no time during 
the cycle does the luteal tissue usually attain a yellowish hue As 
the corpus luteum regresses the red veining disappears, and the 
whole tissue turns white and sinks into the stroma of the ovarj' 


MALE BniAVIOn 


It IS generally believed that even with good nutrition and man- 
agement the buffalo attains sexual maturity later than the bull The 
buffalo bull usually starts mounting the female at two years of age 
but fails to serve successfully because of small size The average 
age at first service for buffalo bulls in Eg>'pt is 37 years (El Itnby 
and Asker, 1957J In India the bull is put to service at about the 
same age Spennatogenesis, however, begins much earlier in this 
species and meiotic division of the spermatogonial cells lining the 
seminiferous tubules has been observed in the Indian buffalo at the 
age of one year (Dult and Bbaltacharya, 1952) It is likely that the 
development of spermatozoa liegins even earlier 

artificial vagina 

than the bull, any will serve at the first attempt The buffalo bull is 
aaioless discriminating with respect to the teaser and is more likely 

*■= P-'-d between 

* w"eZT’r“ -'bar than n buffalo 

lion time and the ™ ™tt'=’“bon between reae- 

buffl did no^inr'" 'bige of estrus of the female" 

("-'’b-t and Bhat. 

annu, lJo6) There IS, however, a breed difference. 









Figuf* 28 Thii water buffalo cow of Egypt i$ o good typ col spec men showing con 
ilderable dairy character At the time thU picture was token she was neor the end 
of her loctatlon period but she has one yearly record of 8 000 lb of milk with on 
average butterfat content of 7 5 per cent This Is an extraordinary record but 
through a -well organized program of selection end artificial breeding the germ 
plasma of such cows can be multiplied to great advantage 


and bulls of some breeds of buffaloes are relatively slow in serving 
The thrust given by the buffalo bull at service is much less forceful 
than that of the bull 


SEMEN COLLECTION 

The Artifictal Vagina, The buffalo bull readily serves the arti- 
ficial vagina, and this is the simplest and best method of collecting 
semen from this species Either the long (20 to 22 inch) or the short 
( 14 to 16 inch ) vagina can be used The short vagina is, however, 
preferable as it is easier to handle and results in less wastage of 
semen The method of preparation of the vagina and the technique 
of collection are the same for the bull and the buffalo 
The Massage Technique Collection of semen from the buffalo by 
the massage technique is possible, but it is comparatively more 
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difficult It appears that the buffalo is less responsive and requires 
a longer period of trainiiig than the bull to donate semen by this 
method Failures arc not uncommon Collections have been poorer 
in volume and sperm concentration and higher in pii than ejaculate 
collected in the artificial vagina (Gajjan Singh et al , 1959) 


SEMEN CHARACTEniSnCS 

Semen of healthy buffalo bulls, like that of the bull, is opaque, 
milky white, or yellowish milky m color, and its consistency may be 
either thick or thin depending on the concentration of spermatozoa 
(Shukla and Bhattacharya, 1949, Vceramani Ayyar, 1944) 

The spermatozoa of the buffalo arc more rectangular than those 
of the bull, and the pale, stained portion of the head is slightly 
narrower (MacGregor, 1941) The head, middle piece, and the 
tail of the buffalo spermatozoon measure on an average 8 0 x 5 0 
12 5 n, and 54 6 respectively, as compared with 100x56 /», 
139/t, and 60 3 for the bull spermatozoon (Cuba et al , 1959) 
Volume The quantity does not usually exceed 5 0 ml m Inian 
buffalo bulls, though a volume up to 8 2 ml was obtained from a 
Munah buffalo at the Indian Veterinary Research Institute (IVRI), 
Izatnagar The average quantity of ejaculate from the MurraJh 
buffalo IS, however, only about 30 ml In Egyptian buffaloes the 
volume has been reported to vary from 27 to 4 0 ml , with a mean 
of 331 ml (Hafez and Darwish, 1956) Madatov (1956) has found 
an average volume of 3 66 ml for buffaloes m the U S S R Vanous 
workers have reported that in bulls of dairy breeds the average 
volume of semen is 40 ml As with the bull there is considerable 
difference in the semen volume among individuals at different times 
Two TOllections made m rapid succession from the buffalo bull may 
not show any si^ificant difference in volume (Prabhu and Bhat- 
tacharya, but .f four coUeclious are made m rapid succession, 
the volume si^ificantly drops m the third and the fourth collection 
(Prabhu and Sbaqna, 1953) 

relatn^v^n ”^^*i!.^****°” concentration m the buffalo is 

stla LlT Wt" concentration of 

TerraT ai^S ‘0 vary be 

■nel oflLta 111 "; ■" of ‘ho developed 

■reeds of Indian hulls kept under similar conditions, the avemge 
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TaBL4 VIII. COMPABISON BETWEEN BEEFALO AND BDLL SeMEN 


Atlribules 

Buffalo 

Bull 

(Bos taurus) 

Statistical 

significance 

Initial motility 

2.5 ±0.10 

3.4±0.10 

* 

Sperm density per 
ml. X 10® 

•1,264.5 ±08.4 

1,456.3 ± 62.3 

t 

Living sperm per 

ml. X 10' 

831. 7± 66.2 

1,061.4 ±48.4 

t 

Percentage of 

living sperm 

68.1 ± 1.0 

73.3± 1.4 

* 

Percentage of total 

abnormal sperm 

17.2± 1.2 

15.5± 1.3 


Percentage of living 
abnormal sperm 

8.2± 1.0 

7.2± 1.1 



Source: Roy el al., 195S. 

* Significant at 1% levei. 
t Significant at 5% ievel. 


concentration of spermatozoa was close to 1,500 million per ml. 
(Shukla and Bhattacharya, 1949). In another study a concentration 
of 1,264.5 and 1,456.8 million sperm per ml. has been reported for 
the buffalo and dairy bull, respectively (Roy et al., 1958— Table I). 
Madatov (1956) found an average of 980 million spermatozoa per 
ml. of semen in the buffalo in Russia. 

Motility of Sperm. Based on the examination of a drop of freshly 
collected semen under the microscope at the room temperature and 
visual gradations, the initial motility of semen of Indian buffalo 
bulls has been found to be lower than that of Zebu semen. Using 
a score extending from 0 to 5, where 0 indicates no motility and 5 
the highest, Roy et al. (1958) reported an average motility of be- 
tween 2 and 3 for buffalo semen, compared with 3 and 4 for tlie Zebu. 
As the rating -of mbtility by this method is based on the nature and 
movement of the w!wes, which are greatly dependent on the con- 
centration of spermatozoa, tlie lower scoring of the buffalo semen 
may perhaps be attifibutable to tlie lesser number of spermatozoa in 
tlie semen samples pf the buffalo. 

Hydrogen Ion Concentration. Very little work seems to have been 
done to investigate the hydrogen ion concentration of buffalo semen. 
In one investigation the average pH of Indian buffalo and Zebu 

; 
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bull semen have been found to be 67 and 6 3, respectively (Kush 
wabae(al,1955) Prabhu and Sharma (1953) observed that \\hen 
a number of semen collections \serc made m rapid succession from 
the buffalo bull, the pii shifted from the acid to the alkaline range 
Gajjan Singh ct al (1959) have reported a pii of 6 75 for semen 
collected from the buffalo by the massage technique A pn of 64 
for ejaculate obtained in the artificial vagina and a pii of 7 85 were 
reported by Emmens and Blackihaw (1956), for bull semen col- 
lected by the former technique 

Abnormal Sperm. Regarding the percentage of abnormal sperma- 
tozoa in buffalo semen, the Endings of different workers vary The 
difference reported may, in part, be due to the difference m the 
techniques of collection employed by them Breed differences and 
the quality of the hulls used may be other factors Involved Kush 
waha ef al (1955) observed that in Indian buffaloes the percentage 


of abnormality varied from 27 to 14 4, with an average of 6 6 
Prabhu and Bhattacharya (1951) reported a low percentage of ab- 
normality of 4 to 5, whereas Roy of (1058) found the abnormality 
as high as 17 2 per cent (Table VIII) In the Egyptian buffalo, 
Hafez and Darwish (1956) have reported an average of 21 1 per 
cent of abnoimal spermatozoa, with a range of 15 to 32 per cent 
Madatov (19o6) found the average percentage as low as 3 in buf- 
falMs in Russia, with a range of 1 to 11 5 per cent 

e types of abnormalities commonly encountered in the buffalo 
spermatozoa are similar to those observed m those of the bull and 
may mvolve the head, middle piece, or the tail region ^\'hat signlfi- 
cance each type of abnormality has or how each type of abnormality 
i. ^ ability of the jpermaloioa is not known, but 

noL oo"’’' » Utt^'Tftcintage of abnormality de- 
notes poor quality of tbe semen 

nr^Tal of I*'”"'? 'uvestigalira have advocated ap 

tionotbveaL'’Il^'‘7 by vstimatlng the proper- 

Vital dves T a 1 ^pennatozoa contained t) erein with the use of 
for bull sem U942) developed a ditt-rcntiation technique 

number ofTamT '' observed that a large 
dead spennatom ““'i differential staining of live and 
The use of 5 oer ’*"'P*'* the biffalo and the bull 

mhm or cottL blue 

r Induhn, or 3 per cent solution of bleu de 
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Figure 29. Normal spermatozoa of the buffalo (Bos bubolis) and the bull (Bos (auros). 
Note the difference in size, particularly the lonper head and longer tail of the bull' 
Spermatozoa (r/g/if), X530. 


Lyon, or 2 per cent solution of Congo red, or 10 per cent solution 
of light green, or 7 per cent solution of methyl blue, or saturated 
solution of thionine gave comparable results. Except for congo red 
and Congo rubin, which |are used alone, and bleu de Lyon and 
thionine, the rest of the stains are used along with 1 per cent eosin B 
solution. With the solutions of bleu de Lyon and thionine, eosin solu- 
tions of 0.8'and 0.6 per cent, respectively, are to be used. Reagents 
like M/8 phosphate buffer, or 3 per cent sodium citrate (dihydrate) 
solution, or 0.9 per cent sodium chloride solution may be used as 
satisfactory solvents for the dyes. 

Using the method advocated by Lasley et al. (1942) and adjust 
ing the buffer to pn 6.6, Prabhu and Bhattacharya (1951) found an 
average of 22.64 and 17.21 per cent of spermatozoa dead in the 
first and the second ejaculates, respectively, in buffalo semen 

Biochemical Attributes. From the results of a number of investiga-' 
tions by different workers in India, there are indications that besides- 
differences in physical attributes which have already been discussed 
there are some important differences in the biochemical properties 
of the ejaculates of the bull and the buffalo. The findings of these 
workers have been combined with some data collected by Mann 
( 1954 ) for comparison and are shown in Table IX 


162 


Artificial Insemination of Farm Animals 


Till* K. 


IE BlomaKEL AtlElllTt* ' 


r BmiiA iXA Bru. Sixt* 


Staimval 


ToUlruluOii* 
iul«Un« tos- p»f 1 «) ml ) 

bitttl (ractOK 

(mf. per 100 ml) 


TOO 40 

gsr 

2ii 10 
718* 
Ml’* 
782“ 


±Si 10 
*17 30 


37 M 4 K(^ 




TfucicSyiii lodet 

Total titro(rea 
(mt per 100 ml.) 

}«)nproUia aitrogen 
(tn(. per 100 n >1 1 
rhlorvle (n *. per 100 mil 
Calenun (itif per 100 ml ) 

Aaeorbie acid 
(me. per 100 mU 
ClM aeid 
(m|. per 100 mil 
TfltolpbcrpWaa 
{mjc. per 100 nl) 

Ortuie pbvpbena 
(mi per lOQ eJ ) 
laerciau pkaqitora 

(ait per 100 siL) 

An)-»duU« 

pAopberul (m(. per 100 mL) 
Acid pligrpbitaM 
aetirttr 

(BodvaAp Cnit) 

Aliilme phorphaliee 

leliTitp 

(Bodaulp Lnit) 


1 44 *0 n 

28l-t23“ 

109“ 33-149* 

Sn 20 i45 30 

40 SO *2 to 

42* 3S^2“ 

4 !3* 

4 11*“ . 

489“ 3» KO* 

103 20 ±8W* 

M 20 *7 20“* 

O?*** 50-09“ 

( 40 *0 flO*“ 

« 30 ±0 «•* 

ir*“ 14-2S* 

72 20 *8 

U 50 *2 20“* 

308 20 ±43 SB** 

300 U *41 10** 

251 70 ±37 a)”* 

2M SO ±42 20“* 


799 99 ±42 OS 

910 3S ±38 85 

TTS** 

I2«'“ 

952 12^ 

SS2“ ±169 

1 99 ±0 IS 

75¥* 

48^ 

247 70 ±29 00 

25 00 ±3 20 

94* 24-45 

14 29“ 

14 111* 

720* 340-1150 

47 30 ±2 M” 

41 90 ±4 sr* 

TT* 

8 90 ±0 50“» 

9 90 ±0 40“* 

V* 

29 40 ±3 20** 

27 50 ±2 90»* 

!« 10 ±11 40** 

157 00 ±10 «r* 

133 80 ±11 10** 

151 90 ±18 5** 


Source* ■ Roy e( d ( 1958 ) eomkioed with Pal (19571 * UAtake tad BbalUehtrpt ( 1 » 57 ) « Ptl e* tl. ( 1959 ) ^ MtBB 
(19541 ' Ehler* <> al. ( 1953 ) eiW from Mina 
IjaniH/t 1 find cjvmlate '* •eeood ejteulate 
Sme* coioce **wbde*emea ** Komal pUmt. 

SlUiaval BTiiiAceiicr • spufictal at l®i lerel t iifiulKaBl at Vi tertL 


The worV of Roy et ah (1958) merits particular consideration, for 
they conducted the investigations on the buffalo and the bull (Bos 
taurus maintained in India) simultaneously and statistically analyzed 
the data for determining the differences in the two species in bio- 
chemical properties of semen. 

The differences that can be observed m buffalo and bull semen 
with respect to the activity of acid and alkaline phosphatases and 
content of ascorbic acid, calcium, chlonde. total and acid-soluble 
phosphorus, total nitrogen, and nonprotein nitrogen are of con- 
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sideraMe interest. Except for an estimate by Pal ( 1957 ) on a limited 
number of samples, the initial fructose content of buffalo semen has 
been found to be lower than that of bull semen. The initial fructose 
content of bull semen as repoi ted by Ehlers et al. '{ 1953 ) js, however, 
lower than the estimates of fructose in buffalo semen barring that of 
Roy et al (1958). 

A final conclusion regarding the differences in the biochemical 
properties of semen of the two species should not, however, be made 
at this stage, as the comparisons are based on rather limited ob- 
servations. Moreover, it should be kept in mind that besides species 
differences other factors, such as mitntion, management, physio- 
logical status of the animals, and climate, may affect some of the 
properties. 


SEASONAL VARIATION IN SEMEN QUALITY 

Various workers in different countries have observed that along 
with climatic changes there are seasonal variations in the quality 
of semen of different species of farm animals. 

Seasonal changes in the quality of semen of two Indian breeds of 
buffaloes have been reported (Malkani, 1954; Kushwaha et al, 1955; 
Roy et al, 1958). In one investigation by Roy et al. (1958) simul- 
taneous observations were made on the seasonal changes in a number 
of seminal attributes of the buffalo and the bull (Table X). 


Table X CHAiucTEiusnca or BurriLO and Biu, Seurn Dorjno DirrsKEST Seabons or the \ear • 


ITtnlfr SpnnQ Summer Ratn Autumn 


Bpena density 
nd X IQ* 
Livids tperm 
per ml 

Pereentage of 
Irtins sperm 
PernnUEe of total 
•bflormal iperm 
PercenUfte of Imns 
»bi!onn»l *i*nn 
Froetolytrc ' 
index, Ut hour 


1205 7 i: 124 7 
fd35 5 S 

896 8 :t: 100 3 
/flW 5 ± ffd # 
69 0 3 0 

73 fi * 3 7 

23 6 eb 2 1 
« 3 ± 3 3 
20 6 ^ 7 4 
It 6 A: te 
I Sleb 0 16 
t OS ± 0 19 


1563 2 tklOl « 
1537 7 dt 100 7 
1034 9 d; m 0 
ItS9 0 db 55 0 
02 2 ± 3 9 
75 1 ± f 8 
21 1 ± 2 5 
UO ± 19 
13 2 d; 2 0 
3 3 sfc t 4 
1 17 ± 0 17 
0 3| 


i2n A ill? a 
I<5« S i 105 ; 
7» 4 ± B9 7 
1030 i ±119 i 
6.1 2 i 4 6 
«7 0 i 48 
15 8 i 2 2 

u e ± 35 

S 0 i 0 3 
4 3 i 0 9 
I 31 i 0 IT 
l6i± 0 IS 


KHO 3 i 114 7 
1*77 r ±119 7 
809 3 i 81 6 
1070 a ±I0S I 
79 2 ± 2 3 
77 5 i 4 7 
10 1 i 11 
13 7 i is 
e 0 i 0 8 
S 9 ± 13 

I 73 i 0 3? 
I €3 ± 0 tS 


109S 2 i 125 3 
1037 S ±IS9 9 
952 8 ± 125 7 

835 I ±ies 4 

82 8 i 18 
7t 4 ± S3 
12 4 ± 2 9 
IT 8 ± 3 S 
3 9 ± 0 7 

0 4 ± 43 

1 27 ± 0 24 
1 81 ± 0 17 


* risuTTsln italm Iridmte olKTTEtiona on 6o*la»ni*munUui(.d m Indix 


There was the common finding by the clifFcrent workers that tlie 
quality of semen in the buffalo was at its best during spring. Earlier 
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investigations at IVRI revealed that better-quality semen was pro- 
duced by the bull, the ram, and the goat during winter and spring 
seasons (November to April) and that there was a decline in the 
semen quality during summer and autumn (May to October) 
(Mukherjee and Bhatlacharya, 1952a, b; Shukla and Bhattacharya 
1952a, b) . In the buffalo also there is a decline in semen quality in 
summer and autumn seasons, as compared with spring, but unlike 
the bull semen, the buffalo semen docs not retain its high quality 
during winter (Kushwaha et ah, 1955; Roy ct ah, 1958). The decline 
in the semen quality in both the buffalo and thef bull during summer 
and autumn is possibly-attributable to the consequences of the dif- 
ficult problem of heat dissipation the animals have to face under 
the stress of hot or warm humid conditions of summer and autumn* 
months. 

*The buffalo is sensitive to extremes of cold and heat, and as it is 
less able to adapt itself to colder climate than cattle” (Kalcff. 1942), 
it is not surprising that in this species there Is a decline in semen 
quality also during winter. It Is generally accepted that the thermo- 
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regulatory mechanism of the buffalo is comparatively less efficient 
than that of the bull. 

Malkani (1954) did not find a very marked decline in the semen 
quality of Smti buffaloes during winter— which is mild in the area 
where .she conducted her investigation. 

In seasonal variation of semen quality, besides the problem of 
thermo-regulation there are indications of involvement of the endo- 
crine system. Bhatnagar et al. (1955) have reported that, as in other 
farm animals, the increased or decreased activity of the testes in 
the buffalo bull is associated with the increased or decreased activity 
of the thyroid. 


mLUnON AND STORAGE OF SEMEN 

The phenomenal success of artificial insemination in cattle is in 
no small measure due to the development of efficient semen diluents 
like egg yolk-phosphate by Phillips and Lardy (1940) and egg yolk- 
citrate by Salisbury et al. ( 1941 ) 

Because of the discouraging results with egg yolk-phosphate and 
egg yolk-citrate for storage of buffalo semen, a group of investigators 
tried other diluters, Srivastava et al. (1953) made phosphate buffer 
extract of acetone precipitate of egg yolk according to the method 
of Mayer and Lasley (1945) and preserved buffalo semen in this me- 
dium and compared it with a part of the sample diluted in egg yolk- 
phosphate. The keeping quality of the active principle of the egg 
was found ,to be superior to egg yolk-phosphate diluent as judged 
by the motility of spermatozoa. Srivastava and Prabhu (1956) com- 
pared six diluters with regard to their keeping ability of buffalo se- 
men: active principle of egg yolk in phosphate buffer, egg yolk-phos- 
phate, egg yolk-citrate, autoclaved milk, Kampschmidt s glucose- 
sodium bicarbonate-egg yolk diluter with addition of sulfamezathine 
and "Spermasol.” Best results were obtained with glucose-sodium bi- 
carbonate diluter followed by “Spermasol" for storage extending over 
a period of one week, and the percentages of spermatozoa which 
survived at the end of that period were 32.6 and 28.4, respectively. 

For actual insemination work in buffaloes, Gokhale (1958) used 
egg yolk-phosphate, egg yolk-citrate, and Kampschmidt’s iluter 
with addition of sulfamezathine. The composition and method of 
preparation of the last-named buffer are as follows; 4 parts dextrose 
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soluKon (5 per cent), CtHuOs ( Analar); 1 part sodium bicarbonate 
solution {1.3 per cent), NaHCOj (Analar); 1 part sulfamezatbine 
sodium (I.CI.brand) solution {2percent); and 1 part egg yolk. 

The solutions are first prepared separately and autoclaved at 15-lb. 
pressure for 20 minutes They are then mixed in the proportions 
mentioned above and added to the egg yolk; pii is maintained at 6 8. 

It was found that thou^ the average time of sperm survival in 
Kampschmidt’s diluler was 180.04 hours, as compared with 199.05 
and 157.47 hours in egg yolk-citrate and egg yolk-phosphate, respec- 
tively, the motility rating of 3 or above was maintained in this 
medium for a period (127.2 hours) appreciably longer than in egg 
yolk-citrate (100.2 hours) or egg yolk-phosphate (775 hours). Use 
of ^ucose-sodium bicarbonate-sulfamezathine buffer also showed 
a hi^er conception rate (52^ per cent), as compared with egg 
yolk-dtrate (40 per cent) and egg yolk-phosphate (41 per cent). 
The fertility rates were based on 90 to 120 days non-return. 

Roy et al. (1935) compared buffalo semen in egg yolk-citrate 
buffer with or without addition of glycine and noticed that a higher 
motility rating was maintained in ^ycine-added diluent and that 
the conception rate was also slightly higher with its use. 
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Singh and Tomar (1959) evolved a sodium bicarbonate-glucose- 
fructose buffer with egg yolk for storage of buffalo semen. Sodium 
bicarbonate, glucose, and fructose were dissolved in double distilled 
water to make 1.3 per cent, 5 per cent, and 5 per cent solutions, 
respectively. The final .biiffer was made by mixing 10 per cent of the 
sodium bicarbonate, 40 per cent of the glucbse, and 25 per cent of 
the fructose solutions with 25 per cent of egg yolk. Buffalo semen 
maintained a motility score of 3 in this buffer for a longer period 
than in egg yolk-citrate or egg yolk-glycine diluter. Spermatozoa, 
however, lived for 23 days in egg yolk-glycine diluter, as compared 
with 12 days in egg yolk-sodium bicarbonate-glucose-fructose buffer. 

Veera'mani Ayyar (1952) tried boiled milk with citrate buffer as 
a diluter for bull and buffalo semen and found that semen could be 
preserved in this medium as effectively as in egg yolk diluter. 

The development of a suitable diluent for buffalo semen is a 
pressing problem. How much biochemical differences account for 
the poorer keeping quality cannot be stated at present. Only with 
furtlier research may an answer be found. 

Dilution Rate. The effect of the rate of dilution on the storage of 
buffalo semen remains to be explored. For routine insemination at 
IVRI, the dilution of buffalo semen has not exceeded 1:20 during 
the course of the last three years, as the demand for buffalo semen 
has not been very high. No difference in fertility rates has been ob- 
served with dilutions ranging from 1:5 to 1:20. 

Antibiotics, Several investigators have claimed that the addition 
of antibiotics to the semen diluents improves the keeping quality 
and fertility of spermatozoa. Gokhale (1958) found that addition of 
penicillin (500 to 1,000 international units per ml.) and dihydro- 
streploinycin sulfate ( 500 to 1,000 eg. per ml. ) to buffalo semen ex- 
tended in glucose-sodium bicarbonatc-sulfamezatlune diluter did 
not improve the surs'ival time of spermatozoa any more than when 
semen was diluted with the buffer without addition of antibiotics. 
Tlie diluting medium with antibiotics, however, maintained a motil- 
ity of 3 or above for a somewhat longer period ( 18.2 hours). The use 
of antibiotics or their omission did not make any difference in the 
actual fertility rates. 

In spite of this finding, the investigation was conducted on a ver>' 
limited scale, and it may Ire adrisahle to use antibiotics in the preser- 
vation of buffalo semen until it has Irecn shown from more elaborate. 
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controlled expenmenls that the use of these drugs has no beneficial 
effect In several artificial insemination centers in India they are 
bemg used in buffalo semen, as in bull semen, as a routine measure 


DEEP FREEZINC OF SEMEN 

This method of semen preservation holds much promise for the 
improvement of buffaloes, since these animals are found In coun- 
tries where transport facilities are inadequate and distances often 
vast Any process by which semen can be preserved over long 
periods should be of mterest in these countnes Unfortunately, how- 
ever, very httle work has so far been done on deep freezing of buffalo 
semen This has mainly been due to lack of necessary refrigeration 
facihties m most of the areas where the buffalo is an important farm 
animal 

Reports are available of only a few preliminary mvestigations on 
preservation of buffalo semen by deep freezing ( Bhattacharya and 
Snvastava, 1953, Roy et al , 1956) From these it appears that no 
special modification of techniques employed for deep freeze preser- 
vation of bull semen is necessary for freezing buffalo semen Roy 
et d (1936) used egg yolk medium with glycine for preservation 
of buffalo semen by deep freezing and noticed that there was a re- 
TOvery of about 80 per cent of the initially motile spermatozoa when 
frozen samples were thawed at room temperature No fertility re- 
sults of the use of frozen buffalo semen are so far obtainable 
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There is no authentic information regarding the relative efficacy 
of insemination in the cervix, body of the uterus, or the horns of the 
uterus in the buffalo. It is, however, generally presumed that the 
site of deposition should be the same as in the cow to give similar 
fertility results in the buffalo. 

VanDemark and Hays (1954) have observed that in cows sperma- 
tozoa traveled up the Fallopian tubes to the ovarian end in two to 
four minutes following deposition of semen in the cervix. Rao 
(1954)' found that the speed of sperm transport in the buffalo was 
about the same as in cows, and spermatozoa reached tlie anterior 
third of the Fallopian tubes in three minutes and twenty seconds 
following artificial insemination. The optimum number of actively 
motile spermatozoa required per insemination in the buffalo needs 
to be determined. 

ESTRUS PHENOMENON 

The reproductive physiology of the female buffalo differs from 
that of the cow in several respects, and it is, therefore, necessary to 
know the peculiarities of the buffalo to obtain good success xvith 
artificial insemination in this species. 

In comparison with the cow, the buffalo reaches puberty and 
sexual maturity at a later age. It has been reported that in Bulgaria 
the usual breeding age of the buffalo is three years (Kaleff, 1932). 
Similar reports have been obtained from Malaya, Cambodia, and 
India (Marsh and Dawson, 1948; Baradat, 1949; Bhattacharya, 
1953). Gorbelik (1935) observed tliat the buffalo in Azerbaijan 
reached puberty between two and three years of age, though with 
good feeding she might do so at one and one-half years of age. 

Information from different countries indicates that the duration 
of estrus is appreciably longer in the buffalo than in the cow and 
usually lasts 24 hours or more (Kaleff, 1942; Bhattacharya, 1953; 
Hafez, 1954). In Egypt Hafez (1954) found that the onset of estrus 
took place between 6 p.m. and 6 a.m. in 84 per cent of the cases 
observed. MacGregor (1941) has reported that in swamp buffaloes 
"desire seems to cease with daylight and mating usually occurs only 
at night.” Many buffaloes do not exhibit pronounced signs of estrus, 
and the incidence of silent heat is more common in the buffalo, so 
that many lieats may be missed unless greatest care is exercised in 
detection. 
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The length of the estrous cycle of the buffalo has been reported to 
be about three weehs by several investigators, whereas some others 
have observed average cycle lengths of 28 to 30 days In the Malayan 
water buffalo heat is said to recur at monthly intervals and to last 
for two weeks if fertilizatfon does not occur This, if true, is an un- 
usual type of behavior for Bovidae (Asdcll, 1946) 

From available information there are reasons to believe that the 
seasonal \ariation in the reproductive function of the female buffalo 
IS more pronounced than in the cow Villegas (1928) reported that 
in the Philippines high sexual activity is observed m the buffalo dur- 
ing the rainy season and cooler months In an investigation in Egypt, 
Hafez (1955) noticed buffaloes remaining completely anestrous dur- 
ng the hot weather (April to July) and returning to sexual activity 
with the onset of autumn (August) In another investigation Asker 
and EMlnby (1938) found that about 75 per cent of the services in 


buffaloes m that 
not more than 4 


country occur during November to February and 
, 1 1 ^ per cent of the services occur dunng summer Sev- 

W^LordT, 'Tn’“ *■’ (Anrnachalam eLl . 

195., ftao and Muran, 19o6) I„ one .nvest.gat.on on buffaloes, some 



171 


Buffaloes 

kept under poor and others under better managerial conditions, De 
( 1957 ) observed that under both the conditions about 80 per cent 
of the total number of estrous periods recorded Wre during Octo- 
ber to March and only 20 per cent during April to September. The 
period of lower sexual activity coincided with higher air temperature 
and higher humidity. 

Very meager information is available on the time of ovulation in 
the buffalo in relation to the stage of estrus. From an investigation on 
Murrah buffaloes at IVRI, it has been estimated that ovulation in 
the buffalo occurs 4 to 30 hours after the end of heat, the average 
period being 11.4 hours. Rao (1954) observed that the ovum in the 
buffalo was fertilizable 24 hours before the end of estrus, at the 
earliest, and 10 hours following the terminab’on of heat, at the latest, 
when the duration of estrus was 36 hours on an average. He also 
observed that spermatozoa survived in the reproductive tract of 
the female buffalo for 36 to 48 hours. 

The pronounced seasonal variation of the estrous phenomenon 
and the greater dfficulty in the detection of heat in the buffalo make 
organization of artificial insemination more difficult in this species. 

CAKE ANO MANAGEMENT OF THE SmE 

In several respects, the care and management of the buffalo sire 
differ from these of the bull. The buffalo bull matures sexually more 
slowly. Investigators in Asia and Africa have reported that the buf- 
falo bull is put to first service not earlier than three years of age and 
quite often at three and one-half years or more. There are reports 
available from Italy and Trans-Caucasus in the U.S.S.R. of buffalo 
bulls being used much younger— at around two years of age ( May- 
mone, 1942; Agabeili, 1956). MacGregor (1941) states that in the 
buffalo "by six or seven years there is frequently a loss of potency 
with a rising proportion of unsuccessful services, but desire continues 
until he is twelve or more during which time his muscular strength 
seems to increase. Complete senility, that is loss of muscular strength 
as well as desire, does not set in till over fifteen. A good buffalo bull 
of river t>’pe can serve 100 cows a year, but it is unusual to allow 
more than 12 cows to each bull, as each of them will be served sev- 
eral times during her heat. Tlicre is no rutting season or periodical 
masculine desire." 
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In Italy, btiffalo bulls are replaced after four to five years of serv- 
ice (Maymone, 1942) Investigations by El Itnby and Asker (1957) 
have revealed that m Egypt the average useful life of a buffalo bull 
IS only four and one-half years It appears that the effective breed- 
mg life of the buffalo bull is comparatively shorter than that of the 
uU C^equently, much greater attentiou and care are necessary 
ior the buff^ sire if the ovraer is to get the best out of hun 
1 , infonnation is available on how mtensely a buffalo sire 

! V l^d mating or how frequently collection of 

insemmauon Lazarus (1946) 
adiusted that th should be spanngly used and services so 

sS an^ni* “mes m a year 

from buffalo h if reported that semen quahty in samples 

"“S lower for 

ueek. On some oeef” s^ples from those with one collection a 
week did not sh^^^^ objected to three collections per 

quenceofthe?acfttaiw75p^"'^t*/V“ ^ 
-sduringfourmondnoftheUXttdr^aro^ 
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used at least three times a week for service during the breeding 
season, and according to the authors such heavy use of the sires may 
be responsible for production of poor-quality semen and a low con- 
ception rate. At IVRI, Murrah buffaloes from which semen has been 
collected twice a week for a period of three years have shown no 
detrimental effect. . ' i ' 

The shelter requirements ot the buffalo are different from those of 
the bull because of the buffalo’s lower heat tolerance. During hot 
summer months in the tropics buffaloes need special protection from 
the sun and should liave^ree access to clean wallows. If that cannot 
be provided, they should have cold showers or good splashing with 
water daily during the hot weather. " 

Buffalo bulls are more apt to develop strong antagonism among 
themselves than dairy or beef bulls, and for this reason more vigilance 
is necessary to keep them apart. Fights between buffalo bulls are 
more dangerous and not infrequently end. in fatality or serious in- 
jury to one or both of the contestants. 

'The need for attention to good feeding, watering, exercise, sanita- 
tion, and disease prevention is the same for the buffalo sire as for 
other bulls. Buffalo bulls should not be exercised in the sun during 
hot summer months, and if left loose in the paddock, they should 
have plenty of tree shade. 

In India, there are a number of military dairy farms where large 
number of buffaloes ate very well managed. The young bvrffalo 
calves are segregated from the rest of the herd at the age of nine 
months. At two years of age a nose ring is attached. During this 
period they are handled, groomed, given sufficient exercise and 
good feed, individually. In hot weather, they are taken into wallows 
when tliese are not occupied by the female stock; or if w.allows are 
not available, they are washed down at 8 a.m. and 6 p.m. During 
hot weather in tlie plains the animals are not exposed to the direct 
rays of the sun between 10 a.m. and 6 p.m. A well-cared-for buffalo 
bull is used for breeding at the age of two years if svell developed. 
For tlie first year, he is allowed up to two services per month, and 
the number of services per bull is gradually increased to four to 
eight sen'ices. 

Services are given before feeding, as bulls seem to perform more 
quickly if this procedure is followed. If the interval between two 
successive services is long (seven to ten days or more), the bull is 
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allowed to serve a second time, since the first ejaculate may contain 
a number of dead spermatozoa 
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Sheep and Goats 


CLAIR E TERRILL 


ArUficial insenunahon of sheep and goats has not passed far be- 
yond the expenmental stage in the United States, however, sheep 
have been artificially inseminated on a huge scale mJlussia for many 
years, and large scale plans ha\ e been attempted by individual sheep- 
men in Austraha, Argentina, and many other countries of the world. 
Sheep can be easily and economically bred artificially, particularly 
on the Western ranges where they are usually bands of from one 
to two thousand head, and often several thousand head or more 
are under one management 

The chief advantage of artificial msemination of sheep or goats hes 
m the fact that it permits mtense selection of sires with ex^ptional 
merit, and thus provides the opportunity to exploit fully the value 
of sup^or sires Several hundred offspnng are the maximum to be 
expect from a ram in natural service, whereas several thousands 
are ^ssible with artificial breeding Thus, the breedmg valueof a sire 
can exten ^ to at least ten times as many offspnng by artificial 
insemination The mitial investment m rams and the cost of main- 

reduced because of the smaUer number 
needed with artificial msemmatiom 

outstan^Vmtt'^'"^^^” rs advantageous where service from an 
fresh semen can\^ I, esirrf simultaneously m several locahties 

lo mree Oays However, the per cent of ferbhty can 
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be expected to decline with longer storage times. International trans- 
port of semen may become more common in areas where air trans- 
port facilities are efficient. 

Valuable sires which are incapable of service because of age or 
injury may be utilized through artificial insemination, electrical 
stimulation being used for the collection of semen. This practice is 
not indicated if the inability to serve is due to some inherited defect 
of the sire. Artificial insemination should be used to increase merit, 
and the possible spreading of undesirable traits has to be guarded 
against constantly. 

The disadvantages of artificial insemination of sheep must be 
clearly recognized. Sires that have not been thoroughly proved may 
spread undesirable traits much more widely through artificial in- 
semination than by natural mating. This is particularly true of 
cessive defects, which may not show up under ordinary use. 

Artificial insemination programs must be carefully and skillfully 
conducted or lower fertility rates may result, and to be most success- 
ful they must be limited to rams of above average fertility. Any fail- 
ure to settle the ewes promptly will result in a prolonged lambing 
season and lowered uniformity of the lamb-crop. Perhaps the great- 
est disadvantage of artificial insemination of sheep is its expense. 
Kelley et al. (1942) state that the limiting factor in Australia will 
be cost. To be practical, the monetary gain from its use must at 
least balance the added cost in artificially breeding the ewes. 

Considerably more work has been done on artificial insemination 
with sheep than with goats. However, much of the material pre- 
sented applies to goats as well as to sheep, and an increasing amount 
of information is becoming available on artificial insemination of 
goats. 

MANAGEMENT OF HAMS 

Rams to be used for artificial insemination must be in a condition 
of high fertility. Rams of fairly low fertility might settle a small flock 
of ewes in a period of 60 days under natural mating, but might 
partially fail when artificially mated to a large number of ewes. A 
highly fertile ram will produce larger numbers of live, normal sperm 
than will a ram of low fertility. His semen can not only be used to 
inseminate larger numbers of ewes per day but also it will probably 
produce a higher percentage of pregnancies. 
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The rams should be vsell fed for at least a ruonth ^ 

breedmg season An ample suppl> of green pasture or 
plus some gram or protein supplement, with acMSs to sa t. . 
Ld mmerals, if necessary, should be sufficient M^erate 
should be encouraged Rams should be kept in a Ihrfty condi^ 
but should not be allowed to become overfat Those that have 
highly fitted for show or sale should be shorn and turned out to 
pasture for at least several weeks before use Rams will do better m 
small bunches and should have access to shade or cool quarters, 
particularly m a warm climate 


SENfEN COLLECnOS 


Three methods have been used most successfully for collecting 
semen from rams The simplest method is to allov. the ram to sets e 
the ewe and then collect semen from the vagina, this requires prac- 
tically no equipment and is usually less difficult than with the arb- 
Bcial vagma The use of an artifici^ vagina with a dummy ev, e ehnu 
nates the necessity of mamtaining ewes for the collection of semen 
and minimizes the possibilities of contammatmg the semen Collect- 
ing semen from the ram by means of electrical stimulation is the least 
time-consuming, and is not dependent on the sexual desire of the 


In comparison of semen obtamed by the three methods (Temll, 
1940) semen of similar quabty was obtamed from the s'agina of the 
ewe and the artificial vagina Semen obtained with the artificial 
vagma was slightly lower m volume and higher in concentration of 
spermatozoa than that obtamed from the ewe Semen obtamed b> 
electrical stimulation was of much thinner consistency, and the con 
centration of spermatozoa was much lower than with the other t%vo 
^ methods The total number of spermatozoa obtamed at each col 
lection was much more variable with electrical stimulation than 
wlh the other two methods Results of artificial mseirmation with 
both fresh and stored semen gave 61 per cent pregnancies with 
semen colle^ from the N-agma of the ewe, 52 per cent from elec 
tncal stimulation, and 42 per cent from the artificial vagma Ah 
three meffi^ of semen collection hav e been used successfuhy with 
goa an t e a vantages and disadN antages of each method appear 
to be similar to Aose with sheep CoUecUon with the artificial \ agma 
appears to be the most common method svUh goats 
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From the Vagina of the Ewe. Collection of sem^ from the vagina 
of a ewe is best done with a ewe out of heat because the vagina is 
mote apt to be dry and free from mucus. The ewe should be firmly 
tied in a stanchion, and any fluid in the vagina should be removed 
before service. The semen should be removed immediately after 
each service with a pipette (shown in Figure 34). Care should be 
taken to remove all of the semen and to avoid contamination with 
urine or other foreign material. Repeated collections can be made- 
from a single ewe, but a different ewe should be used for each ram 
to avoid uncertain parenthood. Rams which refuse to serve a ewe 
out of heat can usually be trained by repeated trials. They can often 
be induced to serve a ewe out of heat if they are first allowed several 
services with a ewe in heat and then switched to a ewe out of heat. 
All collections should be made in the same place; and rough han- 
dling, excitement, and undue noise should be avoided. 

The interval between services will vary among rams from about 
five minutes to an hour or longer. In general, services should not 



Figure 34. Equipment for artificial insemlnallon of sheep. A. Artificial vagina assem- 
bled for use. 6. Head lamp. C. Semen-collecting pipette for removing semen from 
evre, mode from gloss tubing obout Inches long and % Inch In diameter, rounded 
at the ends and equipped with a 15 fo 25-cc. rubber bulb. D. 5-ce. graduated test 
tube for collecting semen. E. Small vials for storage or shipment of semen. F. Vaginal 
speculum, made from pyrex glass tubing, 6 Inches by 7ft Inch (should be slightly 
shorter for goats), G. Insemlnoting pipette consisting of a 1-cc. iflpette graduated 
to the tip and mouth tube (a rubber bulb may be substituted for the latter). Equip- 
ment suitable for sheep con also be used for goats. (Bened/Jcfovic, 7934; Potoveeva 
and Fomenko, 7935.) 
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be pemutled more often than every 15 minutes, and from 
eight ejaculates may be obtained in a ha«-day 
Berimes (1937) reported that rams produced from 13 to 24 ejacu 
lates m nine hours, with some decrease m number of sperm w 
successive ejaculates Chang (1945) found that total sperm output 
increased with the number of collections up to six per day ere 
was some decrease m volume and concentration of each ejacu e 
with an increase in the number of collections, but no 
quahty, as shown by percentage of abnormal sperm and keepmg 
quahty However, Swanson and Blackwell (1955) found “ 

lection of one ejaculate per day was superior to four per day m b^ 
quality and total number of sperm obtained A continuation of this 
study (Hamngton et al , 1956) showed that collections of 
ejaculates and one ejaculate per day and one ejaculate every other 
day ranked in that order m total number of sperm produced per 
day MotiUty was shghtly higher for collections made every other 
day 

With an Arti/icial Vagina An artificial vagina, as shown in Figure 
34 can be of very simple construction, and can be used with either 
sheep or goats It consists of a metal or heavy rubber outer tube and 
a thin rubber inner tube surrounded by a layer of warm water and 
air The outer tube should be about 7% inches long and 2 inches 
in diameter One or two petcocks m the outer tube are used for 
filUng it with warm water and for adjusting the air content to ob- 
tain moderate pressure The inner tubing may be made from 114 inch 
band tubing 0 031 gauge, and should extend at least one mch and not 
more than two inches beyond the ends of the outer tube so that it 
can be folded back over each end and held in place with rubber 
bands A rubber funnel is attached to one end, leading to a small 
test tube to catch the semen A graduated 5-c c test tube is con 
venient if a record of semen volume is to be made The open end of 
the artificial vagina should be well lubricated Mineral oil, vasehne, 
or gum tragacanlh may be used for a lubricant * 

A more elaborate artificial vagina designed by MiUar (1958) ap 
pears to be more durable and easier to clean or stenlize, and provides 

fnr McKenae (1940) recommended the foUowmg lubricant 

msemmauon M« thoroughly 6 gm of powdered gif' 

100 C.C of waiP glywnne Add to this mixture, stirrmg continuously 

100 C.C of water Keep in refngetator to prevent molding 
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better piotection against temperature shock and loss of the ejaculate. 

The temperature of the artificial vagina is very ifnportaiit. The 
ram may refuse to serve if it is too hot or cold, and it is sometimes 
difficult to induce a ram to ^erve again after an unsatisfactory ex- 
perience. The temperature within the inner tube at time of service 
should be between 41° and 44° C. (106° to 111° F.). Some decrease 
in temperature between the time of preparation and service must be 
allowed for. A convenient arrangement for filling and warming the 
artificial vagina consists of a hot plate on a high shelf and a water 
container with an outlet at the base with rubber tube and stop 
clamp. The water can be kept at 80° to 90° Cf., and the artificial 
vagina can be quickly warmed to the desired temperature by allow- 
ing the hot water tb pass through it. 

The artificial vagina either can be used with a dummy ewe (Fig- , 
ure 35), or it may be held in the hand beside a live ewe. 

By Electrical Stimulation. A method of electrical stimulation in 
rams was developed by Gunn (1936). A modification involving the 
use of a single rectal bipolar electrode was made by Laplaud and 



Figure 35 Dummy ewe used for collection of semen at the United States Sheep Ex* 
periment Station, Dubois, Idaho Construction is simple, and rubber bands are used 
to hold the artificial vagina In place (Courtesy United States Deportment of AgrI- 
culture ) 
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Cassou (1945) The use of the bipolar electrode with the gradual 
raising and lowering of the current greatly reduces general body 
reaction and appears to be generally as satisfactory m producing an 
ejaculate as Gunn’s method A number of workers have adapted and 
used such equipment for rams and goats, including Blackshaw 
(1954a). Dziuk et al (1954), Edgar (1957), and Barker (1958) 

The equipment in Figure 36 is very satisfactory, although partially 
homemade, as described by Dziuk ct al (1954) More elaborate 
equipment can be obtained The source of power is 110 volt, 60 
cycle and is reduced to 30 volts by a transformer, which also iso- 
lates the electrodes from the line source The rectal probe is made 
of rubber hose about inch m diameter with solder rings one inch 
apart Alternate rings or electrodes are connected to provide a dif- 
ference m electrical potential between adjacent electrodes 
The method can be used with the ram held standing as shown in 
Figure 36, but it is sometimes desirable to restrain the animal in an 
extended position The probe is lubricated, moistened, and inserted 
so the last nng is just inside the anus The penis may be extruded 
before stimulation but it will generally protnide with stimulation 
The filiform appendix and the end of the penis should be held in a 
test tube or small vial Voltage is gradually increased and then re 
duced to zero during a five second penod followed by an equal rest 
period The stimulus is gradually increased until semen is obt&med 
m the order of 2, 5, and 8-volt peaks Considerable variation can be 
expected in the number of stimuli necessary to produce semen and 
in the volume of semen and concentration of sperm obtained 


EXAMINATION OF SEMEN 

Success with artificial inseniination is partly dependent on the 
^hty o[ the semen used, and this should be checked constantly 
IS a o serves ^ a guide to the management of the rams, although 
of the semen cannot be corrected by im 
Lw V remember that the insemi 

sSatoma ™ "““ter of viable 

MramTnat.rn?^^^^ ? 7 eare- 

one ram mav be ° iionien (a number of eiaeulates from 

should he mLe for this' reason' \Vith examination) 

With some experience it is possible 



Figure 36. Technique for colleefiort of ram semen by etectricol itimolafion o» the 
Unrfed States Sheep Experlmi nf StoHon, Oubois, Idoho. Above.- Method of restrain- 
ing the rom during collection. Befow.- Electrical stimulolion apporafus. Note the 
vorlobte troniformer. voltmeter, end ammeter, at left, ond the rectal bipolar probe, 
ot right. (Courtesy United Sfofci Oeportment of Agriculture.) 
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to predict the ferlibzing capacity of semen with fair accura<^ This 
IS helpful, particularly if a choice of rams is possible Sterile rams 
or those with low fertihty can usually be detected However, rams 
with acceptable seihen quahty sometimes fall m this latter group 
Wiggins et al (1933) found that libido as measured by the fre- 
quency of ejaculation had a significant relationship to fertihty as 
judged by percentage of ewes lambing Of the various semen char 
actenstics shidied— includmg viscosity, pH, volume of semen, mo- 
tility score, estimated percentage of motile sperm, estimated motiUty 
count, total sperm, percentage of normal sperm, percentage of ab- 
normal heads, percentage of bve sperm, and percentage of hve nor- 
mal sjjierm— only volume of semen, estimated motility count, per- 
centage of normal sperm, percentage of abnormal heads, and per- 
centage of live, normal sperm were significantly correlated with the 
percentage of ewes lambmg from normal service Furthermore, in 
no case was the predictive value high It appears that no single 
laboratory test with high predictive value of potential fertility is 
available at present and that success in predicting fertihty must de- 
pend on a number of traits 

A tough appraisal of ram semen, which is often sufficient for prac- 
tical purposes, can be made without equipment Good ram semen 
has a creamy appearance and consistency The swirhng motion 
jvvhich acoimpanies 'high motihty can be observed with the naked 
eye Semen contairung a high concentration, but mostly of dead 
spermatozoa, has a brownish yellow appearance High concentration 
IS indicated by a neb creamy appearance, and as the concentration 
of spermatozoa decreases the semen becomes thinner and milky or 
watery in appearance 


Records of the characteristics of semen used for artificial insemina- 
tion can easily be kept and should be available for cahbrating dosage 
and m appraismg results These records should include the volume 
TO ected, appear^ce, reaction to litmus or other test paper, estima 
tion of mohUty. determination of concentration, and an appraisal of 

^ taken by an expen 
“ '“t of .£ only a 

“ “O'fo A more thorough 

such ar opal blue (Lasfey”etT'l^‘‘r T* “ 

^ ^ el al, 1942) or fast green, FCF (Mayer 
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et al, 1951), appears to be useful for estimating the proportion of 
live spermatozoa present and also for classifying abnormal types. A 
variety of other background stains have been used for ram and goat 
sperm, as described by Rao (1951, 1956, 1957) and Blackshaw' 
(1958a). • 

In staining by the opal blue-eosin or fast green-eosin method, a 
small drop of stain mixture is placed on a clean shde. A glass stirring 
rod is then dipped in the semen sample, and the amount of semen 
adhering to it is immediately mixed with the stain on the slide. The 
flat surface of another clean slide is placed over the mixture, which 
causes it to spread out in a thin film between the surfaces of the 
two slide?. The slides are then drawn apart without applying pres- 
sure and should he quickly dried on a warm plate at 40° C. 

The recording of volume is facilitated by collecting the semen in 
a graduated test tube. Motility should be estimated by a grade or 
score under the microscope. This estimation may. be made at a con- 
stant temperature by means of a small hanging drop of semen in a 
micro stage incubator. Concentration may be measured with a 
hemocytometer or more rapidly and accurately with a photoelectric 
colorimeter, as shown by Emik and Sidwell (1947a). Matching the 
semen with calibrated standards provides a less accurate but more 
rapid estimate of concentration. 


SEMEN CmABACTEHlSnCS 

An average ram ejaculate consists of slightly less than 1 c.c. of 
semen with a creamy appearance. It contains from 2 to 3 billion 
spermatozoa, of which about 90 per cent are alive. Semen with 
high concentrations is usually slightly acid in reaction, while that 
with low concentrations is slightly alkaline. An alkaline reaction of 
the semen is often associated with poor quality and low fertility. 
The motility is characterized by a swirling motion so rapid that it is 
difficult to distinguish individual sperm. Normal spermatozoa are 
shown in Figure 37, and some abnormal forms are shown in Figure 
38. From 5 to 15 per cent of the spermatozoa are abnormal in mor- 
phology. Greater proportions of abnormal sperm may indicate low 
fertility. Most common forms of abnormal sperm are tailless and 
misshapen and have tapering heads, enlarged middle pieces, and 
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Fguf# 37 Nermol rom ip«rmatoto« ICovrtety Ua Stof*i Deporfm*fiJ of Agrt* 
eulfure ) 


adhered coiled, or bent tails Head abnormalities are most likely to 
indicate low fertility 

The characteristics of goat semen are very similar to those of 
ram semen as shown by observations on goat semen by Polovceva 
andromenko (1936) Mockel (1937), Phillips et al (1943a), Shukla 
and Bhattacharya (1949 1952), Rao and Berry (1930), Eaton and 
Simmons (1932), and Dussardier and Szumowski (1952) 

Ejaculates of ram semen with less than 1 billion sperm per cc, 
with a PH of 8 0 or higher, with slow, sluggish motility, and/or with 
more than 2o per cent abnormal sperm or more than 1 per cent ab 
nomal sperm heads me of doubtful fertility and should not be de- 
nmt '"'emuabon Similar limits will apply to 

fhouirv “ "''a'™ (1946) Several ejaculates 

fam IS ludcedraf c'"'" “ "-ore before a 

Often rams nroduc* unprove with use, and some decline 

inactivity semen after a prolonged period of sexual 





(Ceurfety United States Deportment of Agrtci/ftare.) 
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CTORACF AND SIIIPMFNT OF SEMI N 

Ram or goat semen has been stored successfully for fertile insemi- 
nation up to seven days { Green and Winters, Yoshioka cf al , 19ol ) 
Lardy et aJ (1945) state that ram spermatozoa retain motility dur- 
ing storage longer than spermatozoa from other domestic^ammals 
However, lowered fertility often results even from 24 hours storage, 
and it lb desirable to use fresh semen Tins should be convenient 
where sheep are kept in large bands and inseminations arc made 
regularly Phillips et al (1940) shipped ram semen by air express 
2 600 miles Some lambs resulting from these shipments arc shown in 
Figure 39 

Various temperatures from O'* to 10® C have been recommended 
for storage and shipment of semen Temperatures near 0® O’ (35® F ) 
seem to be optimum for ram semen, as shown by Moore et aJ ( 1940) 
Diluted semen may be stored more successfully at higher tem- 
peratures, but difficulty with bacterial action may be encountered 
Storage of ram semen at 20® C m the presence of COs may be pref- 
erable (Blackshaw, 1958b) 

The procedure generally adopted by Phillips ct al (1940) for 
shipment of semen proved to be satisfactory The semen was placed 
in small vials under mineral oil These vials were corked, wrapped 
mcotton and placed in larger vials (see Figure 34) Vacuum bottles 
were partially filled with cracked ice and the vials were wrapped 
in cotton above the ice The amount of ice should be varied with the 
time required m shipment 

Semen must be handled carefully if the sperm are to remain viable 
Chang and Walton (1940) have shown that sudden temperature 
changes are harmful and must be avoided Diluters and containers 
should be the same temperature as the semen to be added Absolute 
cleanliness is essential Semen should be cooled gradually for stor- 
j Blackshaw has shown that the presence of egg yolk 
m the diluent will largely prevent cold shock 

hepn semen after freezing at low temperatures has not 

sWea ve, UUe 
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was improved by egg yolk. Grafa Araujo (1955) successfully stored 
frozen ram semen up to 45 days, although the rate of conception 
was low. First et al. (1957).obtamed 17 per cent fertility with in- 
semination from frozen ram semen diluted with milk, 7 per cent 
glycerol, and 1.25 per cent arabinose, as compared witli 64 per cent 
fertility with 0.2 ml. of fresh undiluted semen. Kuznetsov (1956) re- 
ported an average fertility of 33.5 per cent with frozen semen. Smith 
and Polge (1950) found good motility after thawing frozen goat 
semen. 


DILUnON OF SEMEN 

Dilution of the semen for storage appears to be beneficial in some 
cases. Minnesota workers ( Green and Winters ) have found that sheep 
sperm are preserved longer if an equal quantity of the following 
solution is added to the semen: Na2HP0<.12H20, 15.4 gm.; KHsPO*, 
3.2 gm.; sterile distilled water, 1 1.; CaSOi, saturate. The pa should 
be about 7.0. Workers in Peru have found dilution to be essential for 
storage at high altitudes.' However, Keast and Morley (1949) ob- 
tained conception rates of 60 and 69 per cent with undiluted semen, 
as compared with 47 and 56 per cent with diluted semen. 

Dilution of ram semen not only is beneficial for storage but is 
convenient for reducing the concentration so that an ejaculate can 
more easily be divided into a large number of doses. Kuznetsov 
( 1934 ) recommended that the number of ram sperm introduced into 
the cervix should not fall below 50 million. Milovanov (1934) re- 
ported that at least 500 million ram sperm were essential for vaginal 
insemination. Where convem’ent, it is desirable to allow a greater 
margin of safety. Panyseva (1940) found a direct correlation be- 
tween the number of sperm introduced and concepOon rate (r = 
0.8483 ifc 0.0777). An ejaculate of 1 c.c. containing 3 billion sperma- 
tozoa diluted 1:9 and inseminated in 0.2 c.c. doses permits 50 ewes 
to be inseminated in the cervix with 60 million sperm each. Motility 
of ram sperm is greatly reduced or lost at relatively high dilutions of 
20 million to 0.06 million per ml. (Blackshaw, 1953). 

• Personal communication vrfth Mr. F. Accame regarding the work of Dr. 
Mauricio San Martin of the National Institute of Andean Biology, Huancayo, 
Peru. In general, he found the egg yolk buffer mixture to be very satisfactory.’ 
This was confirmed by Easley (19SI). 
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The egg yolk buffer mixture developed bv Lard> and Phillips 
(1939) has been a satisfactory diluent for ram semen Equal vol- 
umes of fresh egg yolk and sterilized phosphate buffer (02 gm 
KH 2 PO* and 20 gm Na-HPOi I 2 H 2 O per 100 c c ) arc mixed thor- 
oughly by shakmg The pii of the mixture will be \ cry close to 0 75, 
if not it should be adjusted by the addition of sterile M/15 buffer, 
described above Citrate or bicarbonate can be used to replace the 
phosphate buffer without effect on the glycolysis (Moore, 1949). 
Moore also reports that sulfathiazole docs not affect glycolysis and 
can be employed to control microorganisms Tlie replacement of the 
citrate buffer with glycine has improved the survival of ram semen 
(Ahmed, 1935, Roy et al , 1956, and Skolovskaya et al , 1956) 
Yoshioka et al (1951) used two dilutcrs for sheep or goat semen, 
each of which increased the conception rate from 56 to 65 per cent 
One diluter consisted of 2 parts of 2 per cent bone add (HiBOj) by 
volume with 1 part of 1 per cent sodium bicarbonate (NaHCOi) This 
was added to the semen in the ratio of 1 3 The other diluter consisted 
of equal volumes of 03 per cent sodium suUamerazine and 0-2 per 
cent homosulfaminc Thb was dissolved in 5 per cent sodium citrate, 
and the solution was added to the semen in the ratio of 1 1 
Milk appears to be useful as a diluent for ram semen, as shown 
by Istvan (1956), Filimon et al (1956), Maepherson (1957), and 
HiU ctal (1958) 


MANAGEMENT OF EVVXS 

The most diEBcult practical problem to solve m artificial insemina- 
tion of sheep is the managmg of a large number of ewes under 
normal feed conditions while allowing the detection and sorting of 
ewes m heat at a central concentration point This would be fairly 
simple under feed lot or farm flock cond.Uons, but it is quite cora- 
K ^ tramping and overgrazmg near corrals 

ewes are bred in the fall, when the 
to be with^k ®e^eeptible to mjury The best solution seems 

from place to ^ace' "'"eh ean be readily moved 

ArtiBaal^^mimt®"'"' graerally have restricted breeding seasons 

breeins season ^iT^ "■""t s™cessful at the height of the 
breeding season, which usuaUy falls between Septemhef and De 
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Figure 39. CorrIedoW ewes and iheU lambs ot beltsviUe, fAorylond. These tombs were 
sired by rams at Dubois, Idaho, through ortificiol inseminotion. (Courtesy Itnited 
States Department ef Agriculture.) 


cember in the northern hemisphere (McKenzie and Terrill, 1937; 
Phillips et al, 1943a, b). 

Ewes in heat can be detected only by actual trial with a teaser 
ram. Ewes in heat will stand and allow the ram to mount. Rams with 
aprons to prevent service, may be used as teasers, but vasectomized 
rams are probably more satisfactory. Even then, it may be necessary 
to prevent service with an apron part of the time to maintain the 
sexual aggressiveness of the ram. 

• Teaser rams may be painted on the brisket and allowed to run 
with the ewes at all times. Wool grease mixed with powdered paint 
pigment makes a highly satisfactory raddle or paint. Application on 
alternate days is adequate (Kelley et al., 1942). Jackets may be used 
to hold the paint, as illustrated by Barreto and Filho (1944). Mark- 
~ing harnesses holding colored crayon can be used for marking ewes 
although some inaccuracy can be c.vpectcd. The rams will mount any 
ewes iji heat and leave paint marks on the ntihps of these ewes. 
’ Then they can be sorted out by running the b.md through a cutting 
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rhnle Kellev el a! (1942) stale that those e«es which have been 

served can he readily separated *'n'aftS"trcrfe'= 

speculatively Some ewes may not be marled until 
bren m heat for several hours, as rams normally show some part y 
toward individual ewes Some ewes in heat tend to follow the rarn 
and thus escape his attention for a while However. Kdley (ISW ) 
found a low percentage of error in delcctmg ewes in neat by 


Another method of detecting ewes in heat, which may be mor 
thorough but requires more labor, is to keep the teaser rams at the 
corral and systematically tease the c\N'es in groups of 50 to ITO or 
more Kelley et al (1942) have teased about 250 ewes with 10 
vasectomized rams in a yard 25 by 40 feet This packed the ewes 
loosely enough to let the teasers work through them but closely 
enough to enable the ew es in heat to be caught easily The teasers 
bad generally found all of the ew es in heat m about 45 minutes 
Ewes m heat should be removed as quickly as they arc detected 
The teaser rams should be selected for their aggressiveness, and 
stenle service should be allowed occasionally Teaser rams can be 
broken to lead and can often be tramed to follow the observer in 
and out of the pens A combination of the two methods of checking 
ewes for estrus w ould seem most effiaent Some teaser rams could 
be run with the band at all times Ewes which were paint marked 
could be sorted out tw ice daily, and a rapid check could be made of 
the remamder of the flock, using fresh teasers Ew es which have been 
served, as mdicated by the paint mark, should be mseminated, even 
thou^ they may be out of heat by the time of msemination Kelley 
ef al (1942) have found that some of these ewes will become preg- 
nant from insemination after the end of heal 


The process of insemination is very simple and wath proper or- 
ganization can be quickly accomplished Necessary equipment illus 
trated m Figure 34 consists of a speculum, head lamp, and a synngc 
or pipette Various specula may be used A piece of p)Tex glasj 
tubing about Vs inch in diameter and 6 inches long with polisher 
^ satisfactory It is inexpensiv e and is easily cleaned J 
small flashlight or speculum light may be used instead of the heai 
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lamp. An ordinary 1 c.c. pipette graduated to the tip with mouth 
tube or rubber bulb is very convenient for insemination. It must be 
filled with the correct amount of semen for each ewe. It is desirable 
to use a clean pipette for each insemination. Any rough edges on 
the tip should be carefully smoothed. Other useful devices have been 
developed for introducing the semen in the cervix, such as the one 
described by Robinson ( 1956). 

A special crate or breeding stall may be constructed to hold the 
ewe lor insemination. Minnesota workers ( Green and Winters ) have 
devised a simple crate for small numbers of ewes which holds the 
ewe firmly and permits the rear quarters to be elevated. Quinlan 
et al. (1941) have found that the method of holding a ewe on the 
ground, partly on her side and back, with the front and hind legs 
pulled together, was less laborious and equally effective. Argentine 
workers (Ross, 1942) have devised a revolving platform with three 
crates so that three men work simultaneously: While one man is 
putting a ewe in a crate, another is inseminating, and the third is 
taking a ewe off. This method appears to be very efficient, particu- 
larly for large-scale operations. Mr. Ross reports that it is possible to 
Inseminate 110 ewes per hour. To eliminate stooping, the crates may 
be elevated, or a pit may be dug for the operator. Similar equipment 
for inseminating sheep is illustrated by Barreto and Filho (1944). 

In the process of insemination the pipette should first be filled 
.with the correct amount of semen. The speculum should be lubri- 
cated with oil, vaseline, or gum tragacanth and carefully inserted 
into the vagina. By observing with the head lamp and manipulating 
1 the speculum the cervix may be located. It is often turned to one 
side and must be straightened by manipulating the speculum. The 
I pipette is then introduced through the speculum and is inserted into 
the cervix. It is usually not possible for the pipette to enter the 
cervix more than one-eighth to one-quarter inch. The semen may 
then be slowly and gently expelled into the cervix. 

The amount of semen to be used for insemination must be gov- 
erned by several factors. Only a very small volume should be in- 
troduced into the cervix, as large amounts may cause pain and are 
likely to overflow into thp vagina. A volume of 0.05 to 0.2 c.c. has 
been found to be practical for the ewe. This amount should contain 
a minimum of 50 to 100 million sperm. Normal undiluted ram semen 
should contain- about 150 million sperm per 0.05 c.c. The number 



196 


Artificial Insemination of Parin Animals 

of spent! actual!) introduced above the m.mmum could vai> a^rf- 
me to the amount of semen collected and the number of cvvM m 
heat at an> gi\en time A mmimum as low as 5 million is reportea 

as having been fairlv successful in Uruguay 

The designation if aiailable for each cs\e, should be rewraea 
along with the date of service and identification of the sire, if more 
than one is used These data should be useful as breeding recor^. 
in addition to allowing cheeVs on the success and cfficienc> of the 
operations Large scale operations ma\ be facilitated by branding 
each ewe with the date or s>mbol indicating the date of insemina 
ticn (Cummings 1939) Small number brands made with wool 
branding paint are satisfactor> These ewes ma> be run m separate 
bands for about 12 davs after insemination, thus reducing the work 
of teasing and also cutting down the sire of the band which must 
be trailed to the corral After the first 12 to 14 da>s, each successive 
dailv group can be sorted back into the band which is brought in 
for teasmg Ewes which do not return in heat w^thJn 86 to 40 da>s 
ma\ generally be considered pregnant 
The estrual cycle of the ewe is normally about 17 days m length, 
with from two thirds to three-quarters of the cvcles falbng within 
16 to 18 day s and only about 10 per cent falbng outside the range 
of 14 to 19 days From 3 to 10 per cent of the ew es in a band mav 
be expected to come in heat m each of the first 14 to 16 davs, pro- 
vided inseminations are not commenced before the breeding season 
IS well under way The greatest number of ewes in heat can be ex- 
pected on the first day, as many ewes will be sorted out that have 
already been m heat for some time A sharp reduction m the number 
of ewes in heat each day will be noted after 14 to 16 days, unless 

many inseminated ewe> return m beat WTien fertihty is low, ewes, 

which later prove to be nonpregnant, may fail to return m heat at 
^ cycle If large numbers are to be insermnated, 
the bands mav be staggered at 17 to 2a-day intervals Also, this is 
often necessai^ to facilitate work at kmbmg tune so that a small 
crew can work over a longer p-nod of time 

about 30 hoars although the dura 
of™ vX^"^ 7 "P The time 

erallv uVpc nU found that ovulation in the ewe gen 

eraUy ukes place near the end of estrus Inseminations made Ster 



sheep and Goats 197 

the end of heat are less hkely to be successfol than those made just 
before the end of heat. Therefore inseminations must be made fairly 
early in the heat period, or ewes with the short heat periods will be 
missed. The optimum time of insemination would appear to be just 
before ovulation or near the end of the heat period. Therefore if all 
ewes are to be inseminated at least once and also at the optimum 
time during heat, it is necessary to inseminate at intervals. 

It has been generally observed that if more* inseminations are 
made per heat period, a higher degree of fertility results. However, 
it may be more important to obtain a large number of pregnancies 
per season from one outstanding ram than to obtain a high per- 
centage of pregnancies in a limited time. It may be advantageous 
during the first 14 to 16 days of the breeding season to inseminate 
each ewe only once or not more than once each day she remains in 
heat. Then on the second round, when fewer ewes are coming in 
heat, each ewe may be inseminated more often. It would hardly be 
practical to inseminate more often than twice daily as long as a ewe 
remains in heat, and it may be impractical to inseminate any ewe 
more than three times in any one heat period. If ewes are to be in- 
seminated only once in the heat period, a safe plan is to inseminate 
about 12 to 24 hours after they are first observed in heat. In prac- 
tice, it is desirable to allow for considerable flexibility above the 
minimum requirements, both in the number of inseminations per 
heat period and in the number of sperm per insemination, depending 
on variations in the number of ewes in heat, length of the heat 
periods, and the number of spermatozoa collected. 

The estrual cycle of the doe is longer than that of the ewe and 
generally more variable. Studies made by Arriola (1936), Polovceva 
and Fomenko (1936), Phillips et al. (1943b), Barretto and Filho 
(1945), and Fugazzotto (1947) show average cycle lengths as short 
as 8 days, with the majority reporting averages from 19 to 23 
days.- Duration of eslrus in the doe is reported by the same workers 
as ranging from 18 hours to 4 days. 


PLAN FOR AimnciAL INSEXtlNATrON OF SHEEP 

A crew of three men, including one professional worker, either a 
veterinarian or animal husbandman and two laborers should be 
able to handle about 1,000 ewes at a time. Facilities should include 
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a corral for sortmg a band of th.s size, with a large ^ 
holding pens for a maximum of about 200 ewes (in heat), 20 teaser 
Ls, aid one stud ram and one or more reserve f-d -ms Means 
for collecting semen and a small shed, tent, or trailer for 
equipment will also be needed Inseminating crates arranged on a 
merry go round’ device with connecting chutes may be advisably 
although the method of holding a ewe on the ground or on a low 
table might be equally efficient and would not require any special 
equipment 

The professional worker wiU collect, examine, and dilute semen 
while the laborers are checking and sorting out the ewes in ea 
This will require from two to three hours The first morning all ewes 
in heat will be inseminated, and after that only those ewes that were 
checked in heat the preceding half-day or earlier and which re- 
mained in heat will be inseminated The number of ewes to insemi- 
nate in any half day will vary from about 50 to 125 It will be neces- 
sary to collect at least three ejaculates and perhaps more From 5 to 
10 billion spermatozoa will be needed 
The insemination of the ewes will require from one to two hours 
and may be earned out after the remainder of the sheep have gone 
out to feed One laborer places a ewe in the crate and the other takes 
one out, while the professional worker is inseminating a ewe and 
recording her number If the method of holding the ewes by hand 
IS adopted, one laborer w’lU be bringing up the next ewe while the 
other man is holding the ewe being inseminated Each ewe should 
be branded to indicate the date of her first insemination 
The entire procedure will be repealed twice daily, except that in 
the afternoon the collection of semen and the insemination will be 
completed before the ewes are brought in for teasing, since the ewes 
sorted out in the evening will be inseminated first the following 
morning It is advisable to allow a rest period during the middle of 
the day so that collections and inseminations can be spaced as near 
to 12 hours apart as possible, depending on the length of day 
If sewral thousand ewes are to be inseminated from the stud ram, 
It may be desirable to inseminate each ewe at only one heat penod 
t^her than to continue insemination through other estrual cycles 
V* ^ about each 17 to 20 days an additional 1,000 ewes would 

^ Smup being teased, and all ewes already insemi- 

ated would be cut into separate bands Rams should be turned 
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witlii these ewes to breed any which failed to become pregnant 
from the insemination. 


BESULTS FROM ARTIFICIAI, INSEMINATION OF SHEEP 

Published results from experiments with artificial insemination 
of sheep range from complete failure to nearly complete success. 
Insemination at only one heat period per ewe with fresh semen has 
resulted in from 30 to 75 per cent of pregnancies. This can be in' 
creased by insemination at successive heat periods. Quinlan et al, 
( 1941 ) obtained 95 per cent pregnancies using fresh semen at three 
successive heat periods. Anderson ( 1945 ) gives results of insemina' 
tion of more than 11,000 sheep on farms in Kenya, with an average 
of 76 per cent of the ewes lambing. A 75 per cent lambing from 
natural service is considered satisfactory for Merino sheep in Kenya. 
However, Anderson ( 1941 ) has noted that many ewes that do not 
conceive from artificial insemination also do not return in heat within 
17 to 19 days. Gutierrez Fahre (1948) reports conception rates from 
60 to 82 per cent from artificial insemination of 38,000 ewes in 
Uruguay. Natural mating of range sheep in the United States usually 
results in 85 to 95 per cent of pregnancies after a 25- to 60-day 
breeding period. It is not expected that artificial insemination will 
show a higher rate of fertility than natural mating unless the method 
of natural mating is deficient in some manner. 

High fertility from artificial insemination of goats has been re- 
ported, with conception rates ranging from 92 to 97 per cent 
( Rosenberger, 1944; Wagner, 1949; Schmidt et al., 1950), although 
Blokhuis (1957) obtained 48 to 51 per cent pregnancies with single 
inseminations. Guha et al, ( 1951 ) obtained 78 per cent pregnancies 
from the first insemination, 7 per cent by a second, and 6 per cent 
by a third. Setinski (1956) obtained a conception rate of 55.5 per 
cent to the first insemination of goats and an over-all rate of 76.1 
per cent. At the A. I. Center near Rouille, France, 700 goats were 
serviced artificially in 1961 and 1962, with a kidding rate of 65 per 
cent (Dziuk, 1962). 

Kuznetsov (1956) reported that over 28 million sheep were in- 
seminated in the U.S.S.R. in 1955. About 45 per cent of the sheep 
on collective farms were artificially inseminated. 

Published work has demonstrated that if artificial insemination of 
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sheep and goats is carefully conducted under favorable conditions 
the results will compare satisfactonly with those from natural mating 
under similar conditions 
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VICTOR BERLINER 


Although artificial insemination has gained its greatest develop- 
ment and economic importance through its utilization in the breed- 
ing of dairy cattle, the first systematic exploitation of this breeding 
method took place with another class of livestock, namely horses. 
It was the work of the Russian physiologist E. I. Ivanoff, at Russian 
government stud farms at the beginning of this century, that directed 
the attention of the public and the scientific world to the possibilities 
of this new breeding system. Crude as his methods were, compared 
with the ones used today, his work with horses has to be considered 
the pathbreaking pioneer work thatinally led to the high accomplish- 
ments of artificial insemination of today. The stories that the Arabs 
had used artificial insemination hundreds of years earlier for pur- 
poses of war, by inseminating, secretly, mares of their enemies with 
semen of inferior stallions, with the intention of weakening the 
strain, obviously have to be relegated to the realm of fiction; because 
in the light of the present knowledge of the difficulties involved, such 
an accomplishment could not have been possible. 

The shifting of the large-scale use of artificial insemination to 
cattle and sheep did not take place simply because of the fading 
importance of horses; there were also reasons of a technical nature. 

Shortly after World War I, Russian workers in animal breeding, 
attempting to apply the findings of Ivanoff in artificial insemination 
of horses to other classes of livestock, found that with these animals 




206 Artificial Insemination of Farm Animals 

progress was quicker and easier because the physiologii^ 
ism ot reproduction in cattle and sheep was more favorable than toat 
in horses: sperm of bulls and rams are of a stronger constitution than 
stallion sperm, and in the females of these species the reproductive 
processes are less complicated than in mares. 

In recent years considerable progress has been made in the treat- 
ment of stallion and jack semen, so that now artificial insemination 
is used with satisfactory results. Many difficulties are still encoun- 
tered with the mare because of the complexity of her reproductive 
mechanism, even thou^ these can be coimteracted, to some extent, 
by artificial insemination itself and by hormonal therapy. 


THE PHYSIOUXrr OF REPRODUCTION’ OF THE EQUINES 

It is generally known that a mare stays in heat for many days. 
There was a time when it was believed that this extended period for 
mating should increase the fertility rate, on the assumption that by 
staying in heat for a long time, instead of only a few hours, a female 
had greater opportunity for becoming pregnant; for it was not 
recognized that there is only a short period in which the service or 
insemination must take place in order to result in fertilization and 
impregnation, namely, near the time of ovulation. 

Contrary to the older opinion, ovulation is entirely independent 
of the act of copulation; it is brought on by other factors. At onset 
of beat the time of ovulation cannot be predicted, as die length of 
the interval between onset of heal and ovulation is highly irregular. 
Also, stalhon sperm cannot live long in the mare; they survive only* 
for a matter of hours, as a rule, between 24 and 48, and longer only in 
exwptional c^es. 'nierefore, only the sperm of a service performed 
within Um time limit can effectuate fertilization of the liberated 
egg; for those of a service given earlier wfll be dead by the time the 
egg becomes available for fertilizaUon. 

happen, too. If a service is given too 
^11 ^ ovukUon, the liberated egg 

JIp" " ‘T«nnatozocn; the unfcr- 

distance from tli •» t five to eight hours to cover the 

1 a^rition to the Fallopian tubes, where the 
egg is at thn tune (even though some sperm may be feu^d there as 
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soon as 15 to 18 minutes after coitus). For this reason services given 
shortly after ovulation rarely, and those given later than two hours 
after ovulation hardly ever, result in pregnancies. 

In the wild state, or under range conditions with the stallion 
running with a small herd of brood mares rarely elcceeding twenty 
or thirty head, the stallion will serve a mare several times during 
her heat period; and under such a herd breeding system a pregnancy 
rate of 80 to 90 per cent is quite common. On the other hand, with 
the usual method of hand breeding as commonly practiced under 
farm conditions, frequently the mare is taken to the stallion or jack 
only once, usually as soon as she starts to show signs of heat. The 
pregnancy rate with this method is far below that with herd breed- 
ing, rarely more than 50 per cent and frequently much less. To imi- 
. tate the herd breeding system with its high conception rate, but 
without overtaxing the breeding power of the stalhon or jack, has 
become the chief function of artificial insemination in horse breed- 
ing. 

This would require that the mares in heat be available for service 
during their entire heat periods. Under many breeding setups this 
is not practical, and it is not possible to give services at frequent 
intervals. For these reasons it is imperative for the successful oper- 
ator to be able to deduct, from certain symptoms coincident with 
heat, when the best time to breed a mare is at hand. This holds true 
even though the modern breeder has now at his disposal means of 
regulating the natural course of the reproductive processes by the 
use of hormonal preparations. Through their proper application 
some of the obstacles can be reduced or eliminated, but hormonal 
therapy serves principally as an adjuvant to the natural mechanism. 
The methods of hormonal therapy suitable to horse breeding will be 
discussed later. 

The Breeding Season of Marcs, In horse breeder parlance the 
breeding season is that period in which the horse breeding opera- 
tions are .performed. It depends on economic and management fac- 
tors, such as when it is most suitable to have the colts dropped, but 
it also is influenced by seasonal factors. 

Marcs under domesticated conditions and in moderate climates 
do not have a definite mating season; but the seasons of the year have 
a noticeable influence on the degree of reproductive performance, 
through an intermediary action of the nutritional regime and through 
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a direct eSect of decreasing or increasing daslight and high or low 

*™LomrI Influences on Mares and Jennets Obscrsations made at 
the Mississippi Expenment Station (Table XI) are presented to 
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show that seasonal factors influence breeding functions, such as the 
heat penod, th^ heat cjcle, and the breeding efBcicncr> Similar 
obser\ations have been reported by many other in\estigators from 
all over the world and were rcMCwcd by the WTiter elsewhere 
Generally, a heat penod of from three to eight days’ duration is 
considered normal for a mare Actually , most heal penods fall into 
the range of fi\e to eight days, and only a small fraction of the heat 
Xienoos lasts for less than three and four days 

The influence of seasonal factors is brought out by the fact that 
dunng the winter the breeding rhythm becomes extremely irregu 
lar, many mares stay in heat a long time, often for se\ eral w eeks, and 
others fail to come in heat at regular intervals Only a STnall per- 
centage of mares become pregnant dunng seasons of irregular 
cyclic phenomena, and it is not ad\ isablc to continue breeding them 
the full time they are in heat in view of the low probability of con 
ception If they are still m heal after four seiMccs, they should be 
a ow to recuperate As the season progresses, with better nutn- 
lon, pro ongc*d illumination, and milder weather, the heat penods 
lend to shift into the range of the desirable short penods of three 
o six days, the heat cycles lic-come shorter and more regular, and 
the settling perctntages incrcafc accordingly, with less work and 
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fewer breedings. It is interesting, and of practical importance to 
the horse breeder, that the return of a high state of reproductive 
capacity in the mare is preceded and advertised by the shedding of 
a rough winter coat of hair, according to investigations by English 
and Japanese workers. 

It is equally important to know when to expect a mare to be back 
in heat after breeding so that it can be determined whether she 
became pregnant or not. It is an old practice to perform this check 
18 days after the mare has been bred, regardless of the length of the 
heat period during which the service was given. Another method is 
to take the last day of tlie heat period, and to figure that 16 days 
after she ceased to show heat she will be back in heat if she has 
not become pregnant. ■ 

Neither of these two methods is entirely reliable because of the 
irregularity in length of heat cycles. From the presented data it can 
be seen that in the majority of cases the time between the first day 
of one heat period and the first day of the next will be 16 to 28 days, 
a wide range in itself. At seasons with unfavorable environmental 
conditions the length of the heat cycle in approximately 60 per cent 
of the cases is over 25 days; even under favorable conditions a sub- 
stantial number, large enough for practical considerations, have a 
cycle longer than 25 days. The tendency is toward short cycles 
during the summer and long cycles in the fall and winter. 

Also, the interval between two heat periods, when the mare is out 
of heat, is by no means constant at 16 days. It varies even during 
the favorable breeding montfis and is dependent upon the length of 
the preceding heat period— a short heat period is usually followed 
by a longer rest period and vice versa, but an individual may run 
every possible combination of long or short heat periods followed 
by short or long rest periods in spite of the seasonal tendencies. 

One single checkup, made 18 days after a service has been per- 
formed, in numerous instances may fall either into the rest period 
preceding or into the one following the subsequent heat period. 
The same may happen when one depends solely on a rigid rest 
period of 16 days between heats. These unreliable checking methods 
are one reason why many mares do not have a foal every year. They 
are checked at the wrong time and are considered in foal if they are 
not receptive to the stallion, and they are not bred again when they 
come in heat later on. 
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The breeding habits of jennets do not differ fundamentally from 
those of mares, but some individuals may show still greater irregu- 
larities. 

The length of the heat period varies in the same range as in mares, 
three to eight days, and is longer in unthrifty animals. In contrast 
with the mare, the jennet may have short heat periods of only one 
and two days’ duration, not during summer, but in the fall; and 
consequently some jennets settle easier, with fewer services, at this 
season than in the spring and summer. The intervals between heat 
periods may become very long at any one season. 

Signs of the Best Time to Breed a Mare. From the previous dis- 
cussion one can recognize the difficulties confronting the horse 
breeder, especially when it is not possible to breed a mare several 
times throughout each heat period. The optimal time for insemina- 
tion is several hours before ovulation, but the problem is to ascer- 
tain when it is going to happen. 

The approach of ovulation can be ascertained by palpation of the 
ovary through the rectum, to determine the size and the condition 
of the follicle. This procedure requires great skill of the operator, 
and it is not infallible, since the size and consistency of the ovary 
and the follicle vary greatly from case to case. 

More useful for the breeder are several other signs that appear 
during heat. They are brought on through the inBuence of hormones 
released from the ripening follicle, and they become intensified as 
maturation of the follicle progresses and liberation of the egg ap- 
proaches. 

The first of these signs is the behavior of the mare toward the 
stallion. Whereas at the beginning of heat she shows only a fair 
interest, her interest becomes more intensified the closer she is to 
ovulation. 

The second indicator is the character of the vaginal discharge. At 
the start of heat it is stringy and glary. At the peak of heat, close to 
ovulation, it is present in profuse amounts and is of liquid con- 
sistency. It is either thrown off by the mare or is accumulated in the 
Vagina. As the mare goes out of heat after ovulation, the mucus 
becomes more concentrated, sticky, grayish-milky in appearance, 
and finally a gummy mass that sticks to the walls of the vagina. 

Some mares of sluggish nature show their reaction to the stallion 
in a very undecided manner, or do not exhibit any reaction. In such 



212 Arttjictal Insemination of Farm Animals 

cases one has to rely on a manual exploration of the vagina It is 
obvious that for this kind of work close observance of hygienic con- 


ditions IS essential - 

In a mare not in heat the walls of the \agina stick together ana 
are rough to the touch With onset and progress of heat it 
easy to introduce the hand, because the w alls arc now cov ered with 
slippery mucus, and they feel smooth and vclv ety If these symptoms 
are present, it is safe to conclude that the mare is in heat 
Now one can proceed to obtain additional information concerning 
the stage of heat in relation to approach of ovulation At early heat 
the cervix is firmly constricted, but with adv ancing heat the walls of 
the cervix become relaxed, soft, and flabby, first at the tip, and then 
throughout Shortly before ovulation the lone of the cervix in 
creases, it becomes sensitive to touch, resulting in more or less 
rhythmical relaxations and contractions, movements that apparently 
are connected with the process of receiving and transporting the 
semen dunng mating At this stage, the cervix is centrally located 
and easily found, whereas at earher heat stages it lies to one side, 
or on the floor of the vagina and is less accessible If one palpates the 
ovary at this stage, one will find a large folbcle that feels like a water- 
filled blister Often the mature follicle can be ruptured by slight 
pressure 


This penod, with all signs of approaching ovulation, may persist 
for several days, because sometimes the final ripening of the fol 
hcle before rupture is retarded, and ovulation is delayed If no arti- 
ficial means are apphed to force ovulation, the breeder has to repeat 
services as long as signs for intensive heal and approaching ovula- 
tion are detectable, so that a constant supply of sperm wfll be avail- 
able when the egg finaUy is liberated If 48 hours after the last 
semce the mare is shll m heat, she has to be rebred 
The changes dunng heat, as desenbed for the mare, are also found 
m the jennet Usually, but not always, intensity of heat in a jennet 
can be recognized by her peculiar chewing movements She also 
wi n e ot er jennets or stand to be mounted, actmg in this respect 
^ rr ^ However, by no means are all jennets 
out tbp Tirp ^ heat Many will show these symptoms with 

with a tpn ° ^ Others have to be checked very carefully 
d^omtrate the cSv/ard signs 
of heat, the mtemal changes have to be rehed upon for determma- 
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tion of presence and stage of heat. They are identical with those 
described for mares. 

Breeding at Foal Heat. When considering the best time to breed 
a mare, the question of breeding at foal heat always comes up, be- 
cause for a long time breeding on the ninth day after foaling was 
considered the safest way to produce pregnancy. Investigations in 
recent years have shown that foal heat may start as early as two days 
and as late as eleven days after foaling, and even later. Foal heat 
may last just as long as any other heat period. If the “ninth-day 
service" is followed by cessation of heat 48 hours later, the chances 
for conception are good. If the service is given on the first day of a 
heat period of, say, five days’ duration, the chances are less. Hence 
breeding on the ninth day after foaling is by no means a guarantee 
for conception. 

Furthermore, it was observed that in many mares the uterus has 
not "cleared up” by foal heat, and is especially apt to become 
infected. Many progressive horse breeders have abolished breeding 
at foal heat, and start breeding during the next heat period, which 
in most cases will set in 26 to 30 days after foaling. 

HORMONAL THERAPY 

The role of hormones in reproduction and hormonal therapy is 
discussed in a separate chapter. Here, only those methods of hor- 
monal therapy will be discussed that are applicable to the correction 
of physiological inadequacies in the mare, namely subnormal ovarian 
function and late ovulation in the estrous period. 

Subnormal ovarian function appears in three forms: as deep 
anestrus, as shallow anestrus, and as incomplete manifestation of 
heat, usualiy referred to as "silent heat." 

Deep anestrus with cessation of all ovarian activity is fairly rare 
in the healthy mare, but it may set in under extremely adverse 
climatic and nutritional conditions and is a natural occurrence with 
advancing age. The ovaries become small and shrunken, are of an 
unelastic consistency due to a preponderance of fibrous tissue, and 
contain no palpable follicles. Hormonal therapy of all kinds has 
proved to be useless, because such ovaries, due to a low blood 
supply, seem to be incapable of responding to a hormonal stimula- 
tion. If caused by environmental factors, spontaneous recuperation 
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may set in with improved nutritional and seasonal factors, without 
any further medication « 1 v 

In mares in shallow anestrus, and also in those exhibiting silent 
heat” behavior, the ovanes do function, but at a subnormal level 
They grow cyclic folhcles, but these apparently fail to produce suf- 
ficient amounts of estrogen to malce the marc show heat Palpation 
of the ovanes and the vagina would reveal that cyclic changes take 
place The ovaries are of a spongy consistency and contain palpable 
folhcles of about 1 to 2 cm in diameter, and the vaginal walls are 


covered with mucus 

Some mares stay persistently in shallow anestrus even during the 
true breeding season, possibly due to a genetically inadequate 
hormonal apparatus that causes this condition of subfertihty, just 
on the border of sterihty, but a stale of shallow anestrus is a sea- 
sonal appearance in most mares as a transitional stage before the 


onset of the season of highest reproductive capacity 
Shallow anestrus and silent heal can be corrected by hormonal 
therapy It has been reported that folbcle stimulating hormone 
(PMS) injected subcutaneously in doses of 1,000 international 
units stimulates the underactive follicle to grow to maturity, and 
to secrete sufficient amounts of estrogen to make the mare come m 
heat, and to imtiate normal cyclic behavior It also has been reported 
that both these defects can be corrected by subcutaneous administra- 
tion of rapid acting estrogen preparations m quantities small enough 
to stimulate the pituitary into increased activity, 10 to 15 mg of 
di^nestrol or stilbestrol in a suitable vehicle will induce stimula- 
tion of an undeveloped folhcle toward maturation and ovulation, 
accompanied by manifested heat It takes about four to eight days 
eve opment, so that service can be performed approxi- 
tinncn treatment Slow-acting estrogen prepara- 

T V '’‘‘™ effect of still furtLr sup- 

pressing the already hypoactive pituitary 

reeled with^Vin°"’ normal mares, also can be cor- 
ing gonadotron'^o"^ Intravenous injection of the luteiniz- 

of 1 000 to 2 000 human pregnancy urine in amounts 

has ^e m W administered after the mare 

of dienestrol, also appZd X? A ® 

er the mare has come m heat The 



Horses and Jackstock 216 

administered estrogen presumably stimulates the pituitary to re' 
lease the luteinizing principle at an earlier stage, thereby forcing 
ovulation sooner than it would occur without stimulation. Insemina' 
tion or natural service should be performed 12 td 18 hours after 
treatment. 


SEMEN PRODUCTION OF STAIXIONS AND JACKS 

Semen production of stallions and’ jacks differs greatly from that • 
of bulls and rams; it is in many respects similar to that of the boar. 
Stallions and jacks discharge large volumes of semen, an ejaculate 
ranging from 25 to 150 ml., although some indiwduals give as much 
as 400 ml., and with others as little as 15 to 20 ml. may constitute a 
complete ejaculate. Stallions of the waim-blooded breeds in general 
give the smaller ejaculates, but these are of a higher sperm con- 
centration than the voluminous ejaculates from draft stallions and 
jacks. After a sexual rest period the first ejaculates tend to be 
larger; and, inversely, in too frequently used animals the later 
ejaculates become smaller. The drop in semen quality with too 
frequent services is more rapid in stallions and jacks than in bulls 
and rams. Only highly fertile animals can give two services daily, and 
then only for a short period; but a regime with one service every 
other day throughout the breeding season apparently provides a 
sufficient time interval tor recovery, filxperiments, and practical 
experience as well, have shown that feeding exerts a significant 
influence on the semen-producing performance. Animals either in a 
too high condition or in an unthrifty one produce semen of low 
sperm content and low viability. Green grass and oats are essential 
for high-quality semen production. 

If studs are not used for several weeks, the first ejaculates may con- 
tain a large proportion of dead and stale sperm, and this semen 
should not be used for breeding. 

The semen of stallions and jacks is much thinner than that of bulls. 
The range of sperm concentration is rather wide, between 30 and 
800 million sperm per ml., depending on the sperm-producing ca- 
pacity of each individual, and also on the feeding and service 
regime. Semen with a sperm concentration of less than 100,000 
sperm per ml. is not suited for artificial insemination. 

Stallion and jack semen differs from that of other species also in 
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regard to the significance of the proportion of morphologically 
abnormal sperm forms:. An abnormality count of 300 per 1,000 
sperm is encountered even in semen of highly fertile stallions and 
jacks, a proportion that in bull and ram semen would indicate im- 
paired fertility. In ovcrconditioncd animals that do not gej: enough 
exercise, and during extremely hot weather, the abnormality count 
increases, especially the forms with head abnormalities, including 
very small heads; and a large proportion of sperm will be dead at 
collection or will die within a few hours. 

Stallion sperm and jack sperm have a low viability. Even in mod- 
ern'diluents they survive only for a few days and retain their fer- 
tilizing capacity for less than two days. 

The Physiology of Semen. The sperm cells of the stallion and 
jack, like those of other animals, utilize as sources of energy the 
sugars present in the semen. However, the sugar content in stallion 
and jack semen is relatively low and quickly exhausted, so that the 
sperm perish from starvation. Also, natural anabiosis due to acidifica- 
tion by lactic acid formation does not occur because of the alkalin- 


ity of stallion semen, which Is caused by the high proportion of ac- 
cessory seminal fluid. The seminal fluid from the accessory sex glands 
is also high in salt concentration, and this stimulates motility of the 
sperm cells, thus inducing their death by exhaustion. It also has an 
adverse effect on the capsule of the sperm head by causing its 
estruction. This capsule of stallion sperm is reported to be struc- 
turally weaker than that of bull and ram sperm. 

With natural service and with artificial insemination alike, semen 
yanno e eposited into the sperm life-preserving area of the cer- 
^ cervix is not anatomically equipped to 

the utpn space for the semen. It is deposited instead into 

able in the uterus, however, is not favor- 

of Therefore, pro- 

in Xutel atTe?h“T insemination and 

of the semen with achieved through treatment 

of the constituenl*'™f^'^'^ dilurats that counteract the harmful effects 

when theTe^eih diktra ^P'"" 

of diluter. AWe thutlXT'” "'r' ® 

e time of survival decreases with in- 
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Figure 41. Grade Shetland ponies raised by Bells' Pony Farm, Bellmawr, New Jersey. 
The two ponies under saddle are the small type, under 42 Inches high. 


creasing dilution rates, until with a dilution of 1 to 10 the survival 
period is only slightly longer than that of undiluted semen. Semen 
of high density, as produced by highly fertile stallions, is less sub- 
ject to the unfavorable effects of high dilution rates than thin semen 
from poor producers. 

• Another factor regulating the degree of dilution is the required 
sperm number per insemination dose. Experimental breeding re- 
sults indicate that each dose should contain not less than 1 to 2 
billion sperm. 

The most important consideration for dilution extent is the size 
in volume of each dose. It is now well established that in equines 
large volumes are more advantageous than the small volumes that 
were used in earlier days. For small and open mares and jennets, 
doses of 10 to 20 ml. are adequate; but for large mares and for those 
in which the uterus is still extended through a preceding preg- 
nancy, the dose has to be at least 30 to 40 ml. Still larger doses have 
to be given if tlie semen is originally of low concentration. Even 
though such semen would provide the necessary volume without 
further being diluted, it still should be diluted at least at a 1 : 1 ratio 
in order to introduce the protective ingredients in the diluter. To 
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compensate for the now reduced sperm concentration, the injection 
of doses amounting to over 100 ml occasionally may become neces- 
sary, but these can be handled with the now av ailable instruments 
The reason for the need of these large insemination volumes m 
equmes is not vs ell understood, but it ma> have its explanation m the 
anatomical structure of the mare s uterus and in the site of semen 
deposition With artificial insemination of cows and sheep the fact 
that one quarter to one half of the insemination dose is deposited 
m the cervix improv es the chances for sperm preservation, and thus 
only fractions of the ejaculate are needed This is not true in the 
mare, and here the large v olumes of the insemination dose apparently 
are needed for more adequate transportation of the sperm mass 
When stallion semen that has been stored is used for insemination, 
it IS \\ell to remember that the survival period of the sperm in the 
uterus decreases proportionally to the length of the preceding 
storage penod Therefore stored semen has to be given at frequent 
interv als, not more than a day apart, so that a new supply of fresh, 
even though short hv ed sperm is available, and close observ ation for 
approaching ovTilation becomes mandatory m order to time insemi- 
nation to ovTilation For the time being, in view of the unsatisfactory 
results with storage of stallion semen, the use of stored semen is 
npt well adapted to routine breeding practices 


SEMEN COLLECTION 

In earlier days, a widely used method of obtaming semen was that 
f the ejaculate as the stamen dmnounted 

“ ■"=>l<=q“ate, nut only because of the 
becomes^mnifl ” fraction but also because it frequently 

amounts are uL* because sufficient 

or jack serve a ^ Another method was to let the stalhon 

o! the reproductive tratTof 

Storage Furthermore if becomes unsmted for 

hactena, they will be ee Innd of infectious 

these re;soi2^tJ^4'ettn,1 ‘o -nares For 

1 Quite satisfactory res^ recommended 

breeder’s bag becaucp ^ obtamed with the so-called 

e semen collected m this marmer is free 
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from the contaminations of the mare. This bag is made of rubber 
and is applied to the penis of the stallion before he mounts. It is 
difficult to apply on some stallions and jacks; it also often slips off 
as he dismounts. If the outside of the bag gets covered with the 
mucus from the mare, the semen may become contaminated with 
disease-carrying germs from the mare as it is poured out of the bag. 
Unsatisfactory for the same reasons were the methods in which a 
bag-like contraption was placed in the vagina, serving as a receptacle 
for the ejaculate; it also was extremely difficult to adjust this kind 
of semen collector in the vagina. 

Finally, a method was worked out whereby the semen could be 
collected in an artificial vagina. For the work with bulls and rams, 
the first models of this type were so satisfactory that hardly any im- 
provements had to be introduced, but considerable difficulties were 
encountered in developing a suitable model for stallions and jacks. 

The Artificial Vagina. The original artificial vagina for stallions, 
constructed by Russian and British workers, consisted of a metal 
tube, about 15 to 20 cm. in diameter, ending in a cone, to which 
was attached the semen receptacle. The water jacket was’ formed 
by a rubber lining as in the vagina for bulls. This outfit was heavy 
and complicated to handle. In an attempt to develop a more efficient 
instrument, two models were constructed independently by Ameri- 
can workers, the so-called Missouri-USDA model by McKenzie, and 
the Mississippi model by the writer. 

As these pieces of equipment are not commercially available, a 
description of their structural features is given here so that they can 
be assembled by prospective users. 

The Missouri-USDA model was described by Lambert and Mc- 
Kenzie (1940): 

‘‘Tlie Missouri-USDA model of the artificial vagina for horses con- 
sists simply of a rubber tube about 18 indies long and 17 inches in flat 
diameter, witli a rubber ring placed in the open end and the other 
end narrowed down to stretch over a bottle. In order to develop the 
proper pressure, a second rubber tube of the same size is drawn 
over tlic first, the two tubes arc then vulcanized together at each end, 
and an ordinary tire valve is placed in the outer lube so that air may 
be pumped between the two tubes. A leather casing surrounds the 
rubber tubing, giving it rigidity, and a handle grip is attached to the 
casing. An essential feature of this model is the 3-inch rubber band 
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placed around the inner tube near the open end This simulates the 
sphincter muscle of the mare and aids matenally in makmg collec- 
tions from stallions ” 

The Mississippi model, shown in Figure 42, was built on the 
pnnciple that stimulation for e]aculation in the stalhon is brou^t 
on, not through the sphincter, as stated by McKenzie, and as it is 
m the bull and ram, but rather by the pressure of the antenor vagmal 
wall against the glans penis This effect cannot be obtamed in the 
open ended models, and therefore m this model the forward end is 
closed off by a clamp that is removable in order to facihtate clean- 


An impro\ed \ersion of this model is made of one piece of rubber 
tubing 36 to 48 in\.hes long and 7 to 8 inches in fiat diameter To 
provide for the water jacket the tubing is turned inside out over a 
stiff rubber nng that forms the entrance end This nng is suitably 
made from an 18-inch long piece of rubber tube with ends joined 
together by an mserted piece of wood After the nng is manipulated 
into the proper position, it is fixed in place by cementing together 
the inner walls of the tube by two or three patches 
A water inlet is provided by vulcanizing into the outer wall a stub 
of rubber hose that can be closed by a rubber stopper 
For the outflow of the ejaculate, a concentnc hole of approximately 
I A inches m diameter is cut into the outer and inner layer, and the 
edges around the hole are cemented together At the same time a 
4 '^ 41 .*^ hose is fitted into this hole to serve as the connector 

to fte semen lereptaele Nest, the edges of the outer and inner layer 
at the other end are cemented together so that now the entire struc- 
ture IS a two walled tube open at both ends 

sersel '^™™led to the outer wall to 

end IS simid picture The clamp for closing one 

IS simply made from two strips of hard wood with two thLb- 


and'«'e"™terXhe“s^ce”mfed^°Th 

in the vaeina i« arl... ** water until the pressui 

indiiidual prefercice Thc'^'^'^'"® 

It IS between 41” and 45” c '<=8“'ated so thi 

'agma Tlien the entire inside w^I, “ I ’ 

luhncanL "a'lla covered with a nonspermicid 




Figure 42 Artificiai vagina foe stallions Mississippi Model USA 


A mare m heat is used at the lime of collection, and as a pre- 
cautionarj step she should be restrained by hobbles and her tail 
wrapped by a bandage Stallions and jacks can also be trained to 
work on a dumm) Electroejaculatioh to our knowledge has not 
been tried with stallions 

As the stallion mounts, the penis is guided b> hand into the 
\agiiia, but the sagina must be held firmly against the flank of the 
imre and not pushed to« ards the stallion, so that the stallion has to 
make the forw ard tlinist th.it elicits ejaculation as soon as the glans 
hits the anterior ssall Manual pressure is also helpful 

Unlike the bull, uhich gives olT the ejaculate with one sudden 
thrust, the stallion and jack ejaculate for about 10 seconds, and tlic 
semen is cspclled in several fractions The first fraction is of watery 
coiisistcnc) and docs not contain live spermatozoa During the siib- 
scriucnl mam phase the ej iculatc comes from the testes and con- 
tains sptrinatii/o i in high concentration Tins fraction has a milk->' 
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appearance due to the presence of spermatozoa Durmg the fcal 
phase, a glary, viscous raatenal is expelled, resembhng egg whit^ 
that comes from the secondary sex glands, the seminal vesicles, and 
Cowper s glands, which contnhute the bulk of the semmal hqmd 
but do not produce spermatozoa 

The discharge from these glands may make up half of the 
of the total ejaculate of draft stalbons, m semen of jacks and sadme 
stalhons it is present m smaller amounts In the earher days of the 
practice of artificial insemination this portion was caught in a con- 
tainer and used for artificial msemmation, because this fracbon 
was easy to obtam, being partially discharged as the stalhon dis- 
mounts The results of this system were frequently unsatisfactory, 
for the sperm concentration in this portion is only about one tenth 
of that in the sperm-carrying porbon of the ejaculate, and therefore 
not enough sperm were introduced into the mare 


HASDLDxC AND TREATMENT OF SEMEN 


Since the sperm cells are very sensitive organisms, cleanliness is 
absolutely essential Exposure to air is not detrimental, but it in- 
creases the probability of contaminabon with bactena and dust 
Therefore semen should be kept m closed containers Ordinary drug- 
store medicine bottles, with graduation marhs to make the addibon 
of uiluter more accurate, are very suitable for this 

Diluter IS added to the semen as soon as it is collected, regardlesj 
of whether it is to be used for immediate inseminations or for 
storage and shipping It must be farmed to approximately body 
temperature before it is added. It is mixed uniformly with the semen 
by rotaUng mo\ements. a\oiding vigorous shaking which is harmful 
to sperm 


With semen containing a large portion of the glary, viscous m: 
tenal, some difficulty may be encountered m obtammg an ev< 
mmng Since this vascous fraction interferes with the stormg qua: 
lies of semen, it is best to separate it from the ^nerm,enntnmmc fra 


omce uiis vascous fraction interferes with the stormg qua 
^ separate it from the sperm-contaming frJ 

til ilie collection ihu; is done by tilting the bottle t 

Ul die m^s of the glary matenal can be nml, J rt 


t,1 tC fl i” IS done by tilting the bottle t 

MW f *^\Slary matenal can be pushed out with a glass rc 

mslmafo 1.° .t Aept rekdy : 

msemmation mtlim the next few hours 

It IS necessarv to use part of the same ejaculate on the followa 
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days, it is essential to divide the ejaculate, after it is diluted, into 
doses of proper size in small containers so that only the dose that 
is to be used has to be reheated, thus avoiding resuscitation of sperm 
in those portions that will be stored longer. 

When preparing semen for storage, it is essential to cool it as soon 
after collection as possible in order to bring on quickly that state 
of reduced motility of sperm cells which is necessary to preserve 
their energy. 

With egg yolk diluter tlie cooling process can be rapid. Placing the 
bottle into a refrigerator or into a thermos jug containing ice water 
with a temperature of 5° to 10° C. (40° to 50° F.) is the most effec- 
tive measure. 

PRESCRIPTIONS FOR DmUTEHS 

In recent years there has not been much activity in the search for 
new improved diluters for stallion semen. 

Table XII, based upon work at the Mississippi Expe'riment Sta- 
tion, gives the composition of several diluters and their efiiciency. 

Table XII. CoHPoamoR or Dilotebs akd Their Eftect on the Longevity' 
OP Speilm of Jacks and Stallions 


Fonnvla and 
items compared 



Diluter * 



TGL-2 

TGL-5 

TGL + 
gelatin 

TGL + 

yolk 

TGL + 
egg 
yoXk 
gelatin 

Egg yolk 
-b phos. 

Formula of diluter, in 







“ gm. per IDO c.c. water: 







Glucose 

5. 70 

0.4S 

5.76 

5,76 

5.76 

(2.0 gm. 

K*Na tartrate 

.67 

.33 

.67 

.67 

.67 

NajHPO. 

Tartaric acid 


.01 




+ 0.2 gm. 

Tannin 


.002 




KH.PO.) 

Peptone 

.2 

.8 





Egg yolk (c.c.) 




30 

SO 

100 

Gelatin, as caj^ules 



1.8 


1.8 


Remarks 

Suit- 

Suit- 

Kot 

Suit- 

Very 



able for 

able for suit- 

able for good for 



immedi- 

24 hrs. 

able for storage 

storage 



ate use 

storage 

storage 





• For A disca«;ion of the TGL diluters, see Milovanov, 103G. 
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The C 2 S \olk-phosphate diluter as presented in the table has the 
same composition as the one used for cattle In the experience o 
the wTiter, it has not given quite as good results as the tartrate 
Inters, but Missoun workers stated that addition of 10 gm glucose 
to the egg >olh phosphate increased its efficiency as stalhon semen 


UllUkca j 

Other investigators found later that for stallion sperm adequate 
amounts of egg yolk and glucose are more important than the buffer 
in a diluter, for a simple diluter made up of equal parts of egg yo 
and 5 per cent glucose solution gave better sperm survival than the 
buffered egg yolk diluters 

French workers reported recently that superior sperm survival is 
obtained when the egg yolk m the egg yolk tartrate diluters is re- 
placed by boiled, filtered milk, and survival for at least four days 
resulted if condensed milk was used m place of natural milk This 
diluter consisted of equal parts of commercial condensed milk wntb 
60 per cent water content, and Milovanov’s diluter, contammg 6 8o 
per cent glucose, 0 15 per cent K Na tartrate, and 0008 per cent 
tartanc acid, to which were added 06 per cent sulfanilamide 
Deep freezing of stallion semen has not been studied to a great 
extent, and so far it seems that the method so highly effective for 
bull semen is not applicable to stallion semen 
The- usefulness of chemotherapeutics and antibiotics for stalhon 
semen diluters has not been investigated to the same extent as for 
bull semen diluter It appears that about 100 to 200 units of the anti- 
biotics per ml diluter and 0 3 to 0 6 per cent sulfanilamide exert an 
antibacterial effect on stalhon semen without damaging the sperm 


INSEMINATION OF THE MARE ANT3 JESVCT 

Befom the mare or jennet is inseminated she must be restrained 
b> tiobbles or put m a breeding chute or she can be backed against 
the teasing pole 

'>'''1 "> one side The region 
Xlll w disinfected by washing with dis 

region ^ Inbncanl is applied to the Mibar 

rIoscs "iThn'i'”" operations the operator should wear rubber 

-ne ntnra,rt,r qf 

■rampnlation Tins precaution has to be observed ngidl), 
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because by neglecting it a rapid spread of infectious diseases of the 
sex organs of the females may result and nullify the benefits of 
artificial insemination. 

Before insemination it is advisable to insert the hand into the 
vagina and to scoop out the accumulated mucus, urine, and so on. 
This is especially important in aged mares in which the position of 
the pelvis has changed so that the floor of the vagina is lower than 
the vulva. If the accumulated material is not removed, it may flow 
into the cervix during insemination and damage the deposited semen. 
Care should be tahen when introducing the hand that no air flows 
into the vagina, since stable air is always filled with bacteria and 
dust. 

The next step is insemination. Two methods are commonly used. 
In one the diluted semen is poured into a one-half-ounce gelatin - 
capsule holding 10 ml. of semen, and the capsule is quickly intro- 
duced by hand into the cervix and pushed with the forefinger w'ell 
into the uterus. For large and nursing mares several capsules are 
given successively, or else the entire dose is given in one-ounce 
capsules. 

With the other method the semen is poured into a bottle holding 
about 40 to 50 ml. (1 to 1.5 oz.), which is equipped with a rubber 
stopper witli two glass tubes, a long one reaching to the bottom of 
die bottle and a short one reaching just below the stopper. To the 
long tube is attached a catheter rubber hose of approximately 30 
inches, and to the short tube a pressure rubber bulb or simply a short, 
rubber hose. The catlieter hose is introduced by hand into the cervix 
and into the uterus for about ten inches, die cervix is clamped off rvidi 
the fingers, and the semen is now pumped into the uterus by the 
nibher bulb. 

The second method is useful for insemination of jennets, because 
they have a longer and more lotluous cervix than mares, which 
make's it difficult to introduce a capsule, and also for maiden marcs 
when the cervix is too constricted to admit a capsule freely. Its chief 
advantage comes when large nursing mares have to be bred, and 
when semen of low sperm density has to be used, both cases reqiiir- 
' ing large doses of 60 to 120 ml. (2 to 4 oz.), which would have to 
be given in several capsules. 

Deep deposition of the semen is essential in a mare with a loose 
cervix with insufficient tone to close firmly after service. 

. .Between inseminations of cacli mare the catheter tube is thor- 
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ouRhly cleaned and disinfected to eliminate the danger of spreadmg 
disease It is safer to have a number of interchangeable catheters 
and to use a fresh one for each mare 
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AttiEcial insemination of poultry has become established as a 
valuable technique in both industry and researclt Although the 
commercial chicken breeding Hock is seldom artificially inseminated, 
specialized breeders have found many ways to use the technique 
The turkey industry has utilized artificial insemination to a much 
greater degree than any other m the poultry field Much of the 
progress in breeding heavy and broad breasted turkeyS has come 
about through extensive use of artificial insemination As a matter of 
fact, some of the larger and meatier strains can barely reproduce 
themselves naturally, but over 80 per cent of their eggs will be 
tertile following artificial insemination Very little artificial breeding 
of walerfovvl has been practiced to date, but it would not be sur- 
prising to find considerable acceptance in the future Artificial in- 
of^^uu'^"resea^™'^ ^ Particularly valuable tool in the field 

as earlv ^^^902 ^ 19^), IVanoff artificially inseminated birds 

the termiml 1 , 1 ^ '( male and then drawing off semen from 
metW rJiat ducts, but it is apparent that this 

rh^et riltir? Payne (1914) allowed 

the cloaca with ^ quickly removed the semen from 

olLr he?s wii th possible to inseminate 

(1922)"collected semen from 
mesne lowl b> intercepting the semen )ust prior to the 
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consummation of a mating. The methods of Payne and Amantea re- 
quire the presence of an attendant at the time of natural mating, and 
in addition the technique of the latter requires an unusual amount 
of alertness and dexterity. Other techniques were developed in 
which semen collectors were fastened either to the body of the male 
or to that of the female, thereby collecting the semen automatically 
when the birds attempted to mate naturally. For example, Ishikawa 
(1930) collected semen from the domestic fowl by fastening an 
artificial cloaca on the hen. Tinjakov (1933) described an artificial 
semen collector which is fastened around the cloaca of the male. 
Successful semen collections have been made with electrical stimu- 
lation from both chickens and geese by Serebrovsky and Sokolov- 
skaya ( 1934 ) and from ducks by Watanabe ( 1957 ) . 

Quinn and Burrows (1936) and Burrows and Quinn (1937) were 
the first to describe a practical method of semen collection. Their 
. manual massage technique is the basis, with slight modifications, 
for all modem techniques involving the collection of semen from 
chickens, turkeys, or waterfowl. This method can be used at any 
time convenient to the operator, provided the male bird is properly 
handled. 

In poultry the term "fertility” means only that embryonic develop- 
ment has been initiated. “Hatchability” is the term used when de- 
scribing the relative success of chicks in emerging from the shell. 
For example, a fertility of 90 per cent and a hatchability of fertile 
eggs of 80 per cent would result in a 72 per cent hatch of all eggs set. 

THE CHICKEN 

Male and Female Reproductive Systems. The anatomy of the 
chicken male reproductive system is remarkably different from that 
of domesticated mammals. The testes are located within the body 
cavity— which woidd cause sterility in most mammalian species. 
There is a duct system consisting of paired epididymides and vasa 
deferentia. Accessory glands, such as seminal vesicles, Cowper’s 
gland, or a prostate gland, are not to be found. The vas deferens does 
increase slightly in diameter just prior to entering the cloaca, and 
some semen is stored in this bulbous region. The cliicken has no 
functional counterpart of the mammalian penis, although a rudi- 
mentary penis or copulatory organ is present in the cloaca. The 
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paired vasa deferentia terminate instead in double teat-like stru 
tures knovvTi as papillae These are clearly in evidence following 
sexual sUmulation. and it is from them that the semen is milked 
The reproductive system of the hen has evolved in a special man- 
ner so as to produce the highly complicated egg The upper reg.on o 
the oviduct receives the yolk following ovulation from the ovary 
Much of the oviduct is concerned with the secretion of materials to 
form albumen and shell membranes The uterus or shell secreting 
pouch IS located about one fourth of the way up the oviduct from the 
cloaca The short portion of the oviduct connecting the cloaca with 
the uterus is the vagina, this is the part seen when the oviduct is 
everted for insemination 

Equipment for Arfi^cwl Insemtnatton. The minimum artificial lu- 
semmation equipment needed for the chicken is shown m Figure 43 
A collecbon cup is needed to gather m the semen as emitted One 
desirable type is a small glass or plastic funnel with paraffin sealing 
off the narrow outlet tube Tne outlet tube may then be stuck into 
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a cork or rubber stopper. The distance from the stopper to the fun- 
nel Up may be varied to suit the size of the hand of the operator. A 
one-cubic-centimeter tubercuUn syringe, graduated in hundredths, 
is an ideal vehicle for transferring measured dosages of semen into 
the oviduct of the hen. A 1 per cent solution of table salt should 
be available to rinse the equipment between samples when pedi- 
greed males are being handled. If semen is being collected from a 
group of males, and then mixed prior to insemination, some type of 
storage tube should be available. If one attempts to collect a num- 
ber of samples 'of semen from different males in only one collection 
cup, there is the danger of contamination of the combined samples 
by one contrary male. 

Management of the Cock. The cock must be segregated from hens, 
and preferably from fellow cocks. It is usually impossible to collect 
semen from a cock running with hens. Best results are obtained when 
the males are caged individually; small wire cages, 20 by 20 inches, 
with either wire or wooden floors are satisfactory. Males should 
be isolated from females at least 24 hours before attempting to se- 
cure semen from them. It is helpful to handle and ejaculate the 
male several times before making a serious attempt to obtain semen, 
although some males respond well on tlie first attempt. Thoroughly 
trained males may have to be handled carefully and quickly to avoid 
loss of semen through premature ejaculation. Neither semen yield 
nor semen quality is adversely affected by collections as often as 
tlnee times a week for indefinite periods. If there is a problem of 
contamination by watery or loose droppings, it usually pays to in- 
crease the feeding of whole cereal grains and cut down on mash or 
pellets. 

Collecting Semen from the Cock, The simplest way to collect 
semen by the massage method requires two operators. One holds 
the bird while the second concentrates on stimulating the flow of 
semen and catching it in a funnel or cup. As will be described later, 
one man may do the entire job, but considerable, skill is required and 
there are some definite disadvantages. The one holding the bird 
should grasp the thighs and at the same time hold some of the wing 
feathers to prevent flapping. The bird should be held in a horizontal 
position at a height convenient to the operator who is attempting to 
secure the semen. The bird may be held either under the arm or 
against the body. 



232 Artificial Insemination of Farm Animals 

To collect semen the operator should place the palm 
hand against the fleshy tail and at the same lime push the ta. feathers 
up and out of the way. The lluunl. and index finger of the left hand 
should be in position on either side of the cloaca and close to it. me 
left hand now is in the appropriate position to squeeze out semen a 
the appropriate time. Ttic right hand holds the collection funnel. 
Since both the thumb and the index finger are needed for the mas- 
saging process, the cork or holding part of the collection funnel mus 
be held by the remaining fingers. Operators differ in the number 
of fingers required to hold the cork, but in general the more fingers 
available for massage the better the results. The sides of the soft part 
of the abdomen are massaged at a level beneath the pelvic bones. 
Massaging should be rapid and continuous until the male responds 
by protruding the papillae from the cloaca. Once the papillae arc 
fully protmded, the previously positioned thumb and index finger 
.of the left hand can milk or squeeze out the semen (sec Figure 44). 



finger of tell hand ^ Note poiillon of thumb and index ^ 
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Since the semen is stored in the bulbous vasa deferentia in back of 
tlie papillae, it is important to start the squeezing from a position 
back of the fully protruded papillae; the most common mistake of 
beginners is to squeeze too soon or before protrusion is complete. 
Several squeezing motions should be made in order to secure maxi- 
mum yields. 

One-man methods of semen collection involve cither the use of 
a mechanical holding device or the ability of one person to hold, 
stimulate, and collect the semen by himself. Homemade stands with 
adjustable straps may be used to secure tlie male, but they are slow 
to work with, and frequently either overly excite untrained males or 
stimulate semen emissions before they are wanted from trained 
males. A useful device has been described by Gabriel (1957) which 
should eliminate these disadvantages. Her method involves the use 
of a metal cone shaped like the conventional one used in killing ' 
chickens. The male, with head down, is put into the cone so t(iat 
his legs and abdomen protrude from the rear. The exact size of suchi 
a holding cone would depend on the size of the bird. One suitable 
for average-sized males is 11 inches long with a 6-ineh diameter at 
the wide end and a 5-inch diameter at the narrow end. 

Tlie simplest one-man technique was described by Mueller 
(1949). The operator sits down and holds the male in his lap with 
the head of the male facing to his left. The bird is held in place by 
seeming his legs betiveen the Imees of the operator. Both hands are 
tlien free to proceed with the conventional massaging. Another 
method has been described by Wheeler (h948) in which the male 
is held between the thighs of the operator. By standing in a knock- 
kneed position he may hold the male with a minimum of pressure. 
Initial sexual excitation is produced by stroking down the back sev- 
eral times with particular emphasis in the region of tlie fleshy tail. 
As soon as the papillae protrude, tlie thumb and index finger of the 
left hand should be placed in position on opposite sides of the cloaca. 
Then, quickly picking up a collection funnel with the right hand, the 
operator squeezes semen into it with the milking motion of the 
thumb and index finger of the left liaiid. 

Since the urinary and digestive tracts also empty into the cloaca, 
it sometimes happens that semen samples become contaminated witli 
either fecal inaleri.al or white clialky urates. It has been our experi- 
ence that a sm.all amount of urates does not adversely aifect fertilizing 
. capacity of the semen sample, if used shortly there.aftcr. Fecal con- 



234 Arttfictal Insemination of Tann Animals 


tammation does reduce fertilizing capacity, and unless the feces are 
removed promptly it is best to discard the sample Occasionally 
small amounts of blood become mixed with the sample because of 
injury to the papillae For the most part such contamination is not 
senous, although it may not be desirable to include these collectioiw 
in a pooled semen sample Males which pass blood should be rested 
for a few days and handled carefully thereafter 

Inseminating the Chicken Hen The most common method of in 
seminating the hen is the one described by Burrows and Quinn 
(1937) It requires two people with the first operator holding the 
female firmly by the lower thighs with his left hand and at the same 
tune holding the hen against his body The right hand is used to 
evert the oviduct To do this the thumb is placed abov e the cloaca 
and the fingers and oalm on the abdomen below the cloaca Eversion 
IS accomphshed by exerting pressure with the right hand Smee there 
IS but one functional oviduct— the left— vaginal protrusion will be 
noted in the left side of the cloaca The opening m the nght side 
of the cloaca is that of the intestine Eversion is not difficult to bring 
about in laying hens unless they are overly fat, in which case addi 
tional pressure may be required Eversion of the vagina m non layers 
is usually not possible As soon as the oviduct is everted, the second 
operator inserts the tuberculin synnge to a depth of about one inch 
(see Figure 45) Just before injecting the semen, the abdommal 
pressure is released to avoid squeezing the semen back out of the 
oviduct Once the oviduct has returned to its rormal position the 
bird may be released 


Mueller (1949) has described a one man technique for inseminat 
ing females The hen is held securely in the left hand with its nght 
leg between the index and second fingers and its left leg between 
c fingers Unless there is excessive strugghng the 

mi e ngers may also be used to apply pressure to the lower ah 
omen ext t e nght hand is used m everting the oviduct, and 
SvP . nfT be apphed with the middle 

Thenghthand 

a ffraduated semen Mueller recommends 

ca^ *e one cub.c cent.meter 

the thumb ^ operating the plunger -with nudges by 


Several moa.fieat.ons of the msem.nat.on techn.que have been 



Figurfl Intemmatmg the hen by the conventional two^man method. 


developed for inseminating hens in caged layers without removing 
them from the cage. According to Moultrie (1956) two men can 
inseminate approximately 40 more caged hens per hour with his 
method than with the conventional technique. With his right hand 
the operator grabs the hen by the hocks and pulls the feet and shanks 
through the cage door, leaving the body of the bird resting on the 
floor of the cage. The legs must be held firmly together so as to 
e,xert some pressure on the anterior abdomen. The left hand is then 
used in everting the oviduct, and a second operator injects the 
semen ( see Figure 48) . A similar technique requiring but one opera- 
tor has been described by Gabriel (1957). With diis method the 
tliighs of the bird are held tightly from underneath by the finger^ 
and palm of the left hand Holding the thighs in this position re- 
sults in a partial crossing of the shanks and exerts an upward pres- 
sure on the oviduct. The thumb of tlie loft hand is used to apply 
lateral pressure on the side of the abdomen. The combination cifect 
forces out the oviduct, and the semen is then deposited by means of 
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fiflur. 45 ln»em not ng hen) mo nio ned in loying coges occo d ng to the method 
d*$erbed by Moutfrte tl956) (Co«/rt«*y Alobomo Agt ei/hvra! Expermnnf Sfaion) 


the nght hand Hens may be inseminated at the rate of 200 per hour 
NMth this method 


Dnect deposition of semen into the uterus rather than the vagina 
has been shown recently to increase fertihty under certain condi 
Allen and Gngg 1957) This technique 
should be of value for inseminating low fertiht> lines and for use of 
semen of questionable viabihty for example, after freezing or after 
bolding period It is necessary to use a 6 to 10 cm glass cannula 
‘'Smnge tip The cannula must be 

fineer intn Previously, it is necessary to insert the fore 

huger into the vagina and probe to End the junction of the uterus 
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and vagina. Then the cannula is inserted and guided along the linger 
into the uterus. With experience it may be possible to reach the 
uterus without probing with a finger. 

A completely different approach has been used by Van Drimmelen 
(1945). With this method the semen is deposited through the side 
of the body directly into the body cavity in the region of the ovary 
and upper oviduct. Considerable skill is required if serious damage 
is to be avoided. This technique might have considerable value in 
research studies of hens which remain infertile after insemination 
by conventional methods. 

Moore and Byerly (1942) found that the presence of a hard- 
shelled egg in the uterus greatly reduced the chances of a fertile in- 
semination. Accordingly, it is desirable to inseminate during that 
portion of the day when the fewest number of birds will have hard- 
shelled eggs in their uteri. This will usually be between 1 and 5 p.m., 
varying in part on the stage of production and on the artificial light- 
ing program being used. An egg in the uterus can be detected with 
ease by means of palpation. This is accomplished by inserting a 
finger into the intestinal tract and feeling for an egg, By this method 
it is possible to distinguish between eggs with no shell, slight shell ’ 
formation, and hard shell. The authors have found it safe to insemi- 
nate up to the point where the forming egg shell is no longer crunchy. 
Foi maxim.um fertility, all hens should be palpated prior to insemina- 
tion. 

Semen Yields, Dosages, and Intervals Between Inseminations, For 
most strains an average semen yield per male would fall between 
0.7 and 1.0 ml. per collection. A typical range is 0.2 to 2.0 ml. over a 
■period of several months. With three collections per week, one 
group of single comb White Leghorn cockerels averaged 0.8 ml. of 
semen per collection or 2.4 ml per male per week over a ten-week 
period. 

The standard recommended dose of whole semen per hen is 0.1 ml. 
However, experienced operators obtain good results with half this 
dose, or 0.05 ml. A dose of less than 0.05 ml. results in lower fertility, 
and there is no advantage in inseminating with more than 0.1 ml. If 
semen is diluted prior to insemination, the 0.1 ml. level is recom- 
mended. 

For maximum fertility the hen should be inseminated at seven-day 
inlerv’als. The average duration of fertility following semen introduc- 
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tion m the chichen is, for most strains, between 12 and 14 da>s 
Weekly insemination is needed to take care of hens with a less than 
average duration of fertility If only one insemination is to be made, 
fertility of about 85 per cent may be expected for a period of ten 
days Unpublished data of the authors indicate that duration of 
fertility declines as the laying year progresses, therefore, late m the 
year it may be desirable to inseminate every four or five days 


THE TURKEY 


All the basic methods for inseminating turkejs are based on the 
ongmal descnptions of Burrows and Quinn It is not necessaiy to 
descnbe the reproductue s>slem of the turke> because of its close 
similarity to that of the chicken In general, it is more difficult to 
obtain semen from a turkey tom than from a chicken cockerel, more 
practice and skill are required on the part of the operator However, 
it IS still possible to do the job with the simple equipment listed for 
chickens Because of the great economic importance of artificial 
breeding of the turkey, it is natural that mu''h thought and effort 
have been placed on the development of labor saving methods and 
equipment To illustrate the importance of this technique m the 
turkey industry, it might be pointed out that one West Coast breeder 
planned to inseminate 150,000 hens during the 1959 season 
Management of the Tom Management of the tom is basically hke 
that of the cockerel First of all, toms should be segregated from 
the hens If it is necessary to use toms for both artificial and natural 
matings they should be kept away from hens for 24 to 48 hours 
before handling Because of their size as well as the fact that large 
lumbers are needed m most commercial operations toms are rarely 
M cages In case toms are kept m cages, solid floors 

tLh T 1™ foot ood fog 

Touble develop, ng as a residt ot the tvtre or slats Darkened quarters 

TteW T, " ’'“‘"'"8 "P^ofO" ■" order to facditate 

tSn ‘o undue excitation Overexcited toms tend to 

eS wid vv f i I contaminate the 

3bv oontamination may be mm. 

orandL^Zf ! “''“■'t tour to hours prior 

L“mcf\atL 

It has been obsened by the anthors-that semen collect.oin, mat 
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be made as frequently as five times per week for a two-week period 
early in the season with no adverse effect on fertility, and only a 
slight decrease in volume of semen collected. However, the work of 
Lorenz et al. (1955) suggests that this practice may be harmful if 
followed for very long. Their results suggest tliat regular intervals 
of two, three, or seven days between collections are all satisfactory 
in respect to semen yield. In fact, yields were observed to decrease 
when the interval between collections exceeded one week (Lorenz 
et ah, 1956). 

The turkey is still a seasonal breeder and much influenced by 
light. It is a common practice to use artificial lights to produce late 
winter and early spring poults. Once the toms )iave been stimulated 
by extra light early in the season, care must be taken that they 
remain on this same light ration until the natural daylight hours are 
equal to the artificial ones. If lights are cut out too soon or by acci- 
dent, semen production not only ceases but will not return for an 
extended period. 

Collecting Semen from the Tom. Basically the massage is the same 
as was described for the cock, but some slight modifications are help- 
ful when dealing with difficult toms. Starting on the left side of the 
tom, place the left hand on the back of the bird about six inches 
in front of the tail, with all fingers on the right side and the thumb 
on the left side. Slide the hand firmly toward the tail, and as the 
tail is reached, slide the thumb around to the fleshy back portion. 
Next lift the tail up and back toward the front end of the bird. All 
of this is but part of one continuous motion, and a dozen or so may 
be necessary to bring about a response. A response is defined as par- 
tial protrusion of the papillae; trained toms usually respond after a 
single massage. Meanwhile, with the right hand, the operator should 
be massaging the abdomen along the underside of the pubic bones. 
After a partial response, he moves his left hand so that the palm is 
against the underside of the fleshy tail region, with tlie index finger 
and thumb positioned on each side of the vent. He should exert 
constant pressure with the thumb and finger toward the front end 
of the bird to aid in bringing about protrusion of the papillae. Milk- 
ing should be started as soon as the papillae are fully protnided. As 
with the chicken, the right hand is used in collecting the semen. 

The collector should have a soft, clean cloth available at all times 
so tliat he can clean away fecal material in the area of the papillae. 
The cloth may be held in the right hand during the massaging and 
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Fiflur# An a>p rotor typo of temon collootor wh th tueki the semen into o tube 
mmer^ In o vocuum boPle The woter In the bottl, should be kept ot o tempero 
tore of 75- to 85- F (Courteiy Turkey World ) 


used quickly wheu needed Thts practice ts valuable in securing 
semen samples free of fecal material 
■^e one man technique of Cabricl (1957) may also be used with 
’""'"S OF a wooden bolding 

hpvp t^*y tu special leg holding devices The authors be 

vTn d K P^oietical one man turkey mseminator was de 

mnnrln^ Edwurd McQarry a Massachusetts turkey breeder For 
tipped killintr^ "orked alone m collecting semen by means of 
equipment ^ inseminating the hens with the same 
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• Since a time interval of as much as one hour may exist between 
the initial semen collection, when the semen from many males is to 
mixed, and the insemination of the last hen, temperature control 
of the holdmg-bottle is frequently of value This is particularly true 
when the air temperature is low— which is the case at insemination 
time in many parts of the country Most of these devices are simply 
vacuum bottles with a fitted rubber stopper tlirough which the 
holding-tube extends An example of this is shown in Figures 47 and 
48 The water m the vacuum bottle should be between 75° and 85° F. 
for the average operation in which the total collection and insemina- 
tion interval is less than one hour 
An aspiiator type of collector that replaces the collection funnel 
and the need of shifting semen to the holding tube has been de- 
veloped and IS used widely on the West Coast ( see Figure 48 ) . One 
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operator stimulates semen flow while the second runs the aspirator 
which sucks up the semen and draws it into the holding tube The 
holding tube is suspended in a vacuum bottle (see Figure 47) This 
piece of equipment can be assembled from some glass and rubber 
tubing a couple of rubber stoppers, and a vacuum bottle It saves 
time, but there is tlie danger of contamination with urates and feces 
Jnseminating the Turhey Hen The basic problem is to apply suf- 
ficient pressure on the soft abdominal area so as to^ cause eversion of 
the o\nduct In the original method a helper holds the hen m his 
lap and applies pressure on the abdomen while the insemmator holds 
her legs Following eversion ofThe oviduct the syringe should be 
inserted to a depth of approximately one inch A faster and easier 
\va> than this is one in which the hen is placed head first through 
the helpers legs and held in posibon by the thighs The holder 
can appl) considerable pressure with his legs, while he is also 
applying abdominal pressure with his hands (Figure 49) The m- 
seminator or someone else should bold the hen’s legs during the 
operation to discourage her from struggling and possibly mjunng 
herself 


A number of holding dences, mcludmg a vanation of the funnel 
method (as shown in Figure 50), have been developed m an attempt 
to save both time and labor Another type is a senes of killing funnels 
built into a wooden frame The authors have found that the devices 
which hold tlie hen nearly parallel to the ground are superior to 
lliose which hold the bird in a perpendicular plane In this latter 
position there is a tendency for watery droppings to run mto the 
0 % iduct along w ith the semen Figure 51 illustrates a desuable hold 
ing position 


Insemination should be done late in the afternoon to minimize the 
chance of finding hard shelled eggs m the uterus Some of the large 
roeders do not bother to palpate for presence or absence of 
hard shelled egp m the uterus the> feel that a savmg m time is more 
valuable than tlie shght decrease m fertility that results when some 
ot the hens carrvtng hard shelled eggs are msemrnated 

Many turhey hens are insemmated shortly before laying their first 
leLTi'l “ tissue, the hymen, is observed 

tlie the oviduct This is normally brolten either by 

nMt f V'”" act or durmg the 

S le first egg U the o^.^duct is easily everted, this meni' 



Figure 49 . Inseminafing fhe turkey hen. The ossistant holds the turkey firmly between 
his thighs with its head foremost and its wings free to envelop his thighs. His hands 
are thus free to apply abdominal pressure and to evert the oviduct. The insemlnator 
is then reody to insert the syringe of semen. 

brane may be brobeii and tlie hen inseminated with good results. 
Most of these membranes, can be broken easily with the end of the 
syringe, but there is individual variation between hens. 

Several t>^es of automatic syringes which eliminate the necessity 
of measuring doses have been devised. Some are modified dental 
syringes, like the one described by Thumin (1951). This one has an 
extension on the outer piston rod fitted with a returner spring and a 
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Figure 51 A turkey Insem noting team m action Note angle of female on the 
holding table and points of pressure being opplied by white-^ogted helper (Courtesy 
Turkey World ) 

Semen Yields, Dosages, and Intervals Between Inseminations 
Semen yield per tom per collection vanes with the strain, but an 
average figure is between 0 15 and 0 30 ml Note that the yield from 
a tom IS considerably less than tliat obtained from the chicken male 
Sperm cell concentration is much higher in turkey semen than in 
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figutt 52. An aglornatie in«minat©r which d«ll¥ef» a meoiwrtd omeonf of »«m«n 
with each puH of the triflper, (Preeltion Device}, Guifford, Connerticof.; 


.that from chickens and in addition is more viscous and creamier in 
color. Semen yield is.greatest in the middle of the breeding 'season 
and poorest at the end of the season. The authors have found that up 
0 or 8 per cent of all toms do not yield any semen^even though . 
they respond readily to repeated collection attempts. 

osage of 0.025 to 0,035 ml. of semen per hen will give satisfac- 
tory faults if the technique is good. Some breeders increase the 
I" reason, but thete is no experi- 

averapp A ° substantiate this practice. Early in the season the 

is a marl , i™,.'’' fertimy is between 40 and 50 days, but there 
K Progresses. A flock fertility of 

semination pa ^ tr. has been observed following in- 

heret; three'orT “1°"; inseminate the 

should be shortened month the interval 


AKD GEESE 

Wm TglL^r Sokolovskaya secured se, 

0 > electncal stimulaUou. Watanahe { 1957) has i 
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been suecessful with this technique. In addition, a manual massage 
method has been described by Johnson (1954) and Watanabe and 
Sugimori (1957). 

The Reproductive Organs. The leproductive organs of ducks and 
geese are very similar, hut both differ in several respects from those 
of chickens and tuikeys. A major diffeience is the presence of a well- 
defined penis in the drake and gander. The penis becomes quite en- 
larged during the bleeding season and supplies definite evidence 
for sex determination in many varieties of geese. Just prior to natural 
mating, the waterfowl penis is extruded. Since the oviduct of ducks 
and geese cannot be artificially evei ted, a different technique for de- 
positing the semen into tlie vagina is required. • 

Collecting Semen from the Drake or Gander, The manual massage 
method has been described by Johnson (1954) and is essentially 
similar to that used for chickens and turkeys. It would be repetitious 
to repeat this description, and the reader is referred to the two-man 
technique used for turkeys. Figure 53 shows a semen collection from 



Ftgur9 S3. Collecting semen from the gander. Note the protruded penis ond the 
collection tube 
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a protruded penis of a gander Semen i< released at the base of the 
perns and normally runs m a caral the length of the organ Semen 
may be collected anj^vhere along the canal or from the end of the 
organ What has been written lierc for the gander applies equally 
well to the drake Handling must be gentle m order to avoid bleed- 
mg, and fecal contamination can be minimized by removing feed 
at least six hours prior to handling 
An electroejaculation technique for drakes has been descnbed by 
Watanabe (1957) giving better results than the manual massage 
method One electrode is placed on the skin in the sacral region and 
the other one inserted m the vent An alternating current of 30 volts 
and 0 06 to 0 08 amperes is apphed for three seconds at five*second 
mtervals— repeating three to fi\e times 
Inseminating the Duck or Goose. Since the oviduct cannot be 
everted, it is necessary to inject the semen directly mto the \agina 
Johnson (1954) perfected a method in which the first step is to 
locate the opening of the oviduct by palpating in a direction sbghtly 
downward and to the left in relation to the vent opening After the 
oviduct IS located, a 2 5-inch glass tube, attached by a short piece 
of mbber tubing to a standard tubercuhn synnge, is guided into 
it Vatanabe (1937) made use of a modification in which a meUl 
speculum is inserted after the oviduct has been located Then a glass 
pipette TOn^ining the semen is inserted mto the vagina by passing 
it tlirough the speculum 


Semen Yields, Dosages, and Intervals Between Inseminations. 
emen pro uce by drakes and ganders is more watery and has less 
ml™*'*!! 'hiclens and turkeys Concentration of 

basis 0^11 r **** appears to be extremely variable on the 
W vafdl " I a ^‘“died a total of 

wer?^S *; 12 of *<=-" Sue of these 

060ml oerLT'r'''’ r*^ average yield ranged from 0 05 to 

yields of semen from** ° h^sht of the breedmg season Average 

Futamura, 1955) bv them's I (Onishi, Kato, and 

electroejaculaJn OVaC^ ”'f- ’’f' 

po^a larger yield of 082 ( 195 o) re 

not much mformahon aiadable m the optimum amount 
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of semen to use for insemination, Johnson used 0.05 ml. of whole 
semen with geese, and Watanabe used 0.30 ml. of whole semen di- 
luted 1 : 10 v/ith saline, or 0.03 ml. of whole semen, per insemination, 
Johnson (1954) reported 9.7 days as the average duration of fer- 
tility in geese when figured from the day of insemination; however, 
the average was only 6.1 days following the laying of the first fertile 
egg. It should be noted that chickens, turkeys, and possibly ducks are 
extremely fertile on the second day following insemination, whereas 
the nonfertile period following insemination in the goose seems to 
be much longer— 3.6 days in Johnson’s study. It would appear that 
geese should be inseminated once a week. Watanabe and Sugimori 
(1957) reported common ducks as having' an average duration of 
fertility of eight days. On the basis of the information available, 
ducks should be inseminated every five or six days. 


DILUTION OF AVIAN SEMEN 

It is not recommended that diluents be used in commercial pro- 
grams of artificial insemination of poultry. Avian semen seems to 
be more susceptible to damage by artificial diluents than is the 
semen of many domestic animals. Bull semen diluents, such as egg 
yolk-phosphate and citrate buffers, are mot satisfactory diluents for 
chicken semen. Sperm life is sustained for extended periods in the 
upper region of the avian oviduct where albumen is secreted, and 
yet egg albumen has been found to be a poor diluent. Certain al- 
bumen proteins, however, have shown some promise when added to 
diluents, according to Lorenz and Tyler (1951). It is frustrating 
to review tlie literature concerned witli studies of avian diluents and 
extending fluids. Some investigators have failed to consider the time 
factor behveen dilution and inseinination. If a diluent has a deleteri- 
ous effect on the sperm cells, then the length of time that the sperm 
are in contact with the diluent is very important. Once inseminated, 
the diluting medium might be expected to have but little effect on 
the sperm. For example, in an experiment conducted by one of the 
authors, whole chicken semen and chicken semen serum were found 
to be excellent turkey semen diluents when used within a few min- 
utes following mixing. Hoxvever, when the diluted semen was held 
for halt an hour before inseminating, it proved to be significantlv 
inferior to undiluted semen. 
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Chtchen Semen To date the best diluent for chicken semen has 
been found to be chicken semen serum (Munro, 1938, Weakley and 
Shaffner, 1952) In fact, Weakley and Shaffner used a 1.10 dilution 
rate without ad\erse effects, although higher dilutions were dele- 
tenous In cases of reduced fertihty following the use of diluents, the 
diluents themselves must be harming the sperm cells If the diluted 
semen is not held too long before insemination, there are a number 
of solutions that maj be u^ed Some that do not reduce fertility more 
than 10 to 20 per cent are Ringers, Locke’s, and Tyrodes (see 
Table XIII) It is advisable to use chemically pure salts and to ad- 


Table XIII Some Solctioss That Cas Be Used 
AS Amw Sperm Diluents 


IngrefhenU 

Gramtper 1 000 ml of dulilledicater 

Ringer*$ 

Locke’t 

Tyrode’i 

^aCl 

0 00 

9 00 

9 OO 

KCl 

0 30 

0 24 

0 20 

CaCh 

0 25 

0 42 

0 20 

MgCU 

— 

— 

0 10 

NaHCO, 

0 20 

0 20 

1 00 

Dcxtro<« 

— 

1 00 

1 00 


just the pn to approjuraately 66 to 68, according to data published 
b> Bogdonolf and Shaffner ( 1954) 

Turhci/ Semen. The best turkey semen, diluent used at the Mas- 
sachusetts Station has been Earle's solution, but it resulted m ap- 
^ximalely 15 per cent poorer fertihty than did undiluted semen 
1 '» >l>e results of van Tienhoven and 

’ "'’'i" Tyrode’s solution (pn 67) and homoge- 
ulest’ 05° C for ten min- 

sseek fe 1 u ‘^‘'“bons of 1 1 and 1 3, the resulting three- 

semen vT'', “PP™™lc>y equal to that for the undiluted 

mriMm! rn 4 dilution and insemination of 

14 to 106 minutes did not affect fertility 

l-fo"u„htr' 'emen at a rale of 

needed bcforrUsLrtr™nl?e'*at'rk““’‘' 

sistant to salt solutions than arfctif™ ^ 
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STORAGE or A\TAN SEMEN 

No completely satisfactory method for preserving avian semen for 
any length of time has yet been devised. Recent findings, however, 
are encouraging. 

Chiclcen Semen. Many reports show a decrease in fertility follow- 
ing the use of semen stored for as long as two hours at various tem- 
peratures. Perhaps the bf st recent results with whole semen are those 
of Garren and Shaffner (1952), who were able to maintain fertility 
af62 per cent— 22 per cent below that of unstored semen— after a 
six-hour holding period at 48° F; In addition, they found that storage 
reduced the duration of fertility in all stored groups. Fertility was 
improved when the dose was increased from 0.10 to 0.20 ml. and 
- the interval between inseminations was increased. If whole semen 
is to he stored for more than one hour, the temperature should be 
reduced gradually to 48° to 57° F. 

Recently F. H. Wilcox of the University of Maryland has devised 
an interesting new method of holding semen. By use of his method 
he has been able to send samples of chicken semen by air to Scotland 
and to Israel, with the resulting average fertility of 37 per cent for 
the first week following insemination. These results are very in- 
teresting in view of the fact that the time lapse between collection 
and insemination was about 37 to 38 hours, plus exposure to .the 
rigors of air shipment. Wilcox s method involves the use of two dif- 
ferent diluents— one for diluting and storing the semen and the other 
for reconstruction before insemination. Immediately following col- 
lection, diluent A ( 16.34 gm. of Na 2 HPOi; 5.16 gm. of NaH-POj.HiO; 
100 mg. of terramycin; and 1,000 mg. of dihydrostreptomycin, all 
added to 1 liter of distilled water) is added at a 1:10 dilution rate; 
diluted semen is stored at 50° F. Following storage, the sample is 
centrifuged at approximately 1,200 R.C.F. for ten minutes and the 
clear fluid is poured off, leaving only sperm. Diluent B (made by 
adding 1 ml. of a solution containing 60 mg. of fructose per ml. to 
14 ml. of a buffer solution containing 5.16 gm. of NaHsPOt.HaO and 
16.34 gm. of Na-HPOi per liter) is added to the sperm in an 
amount which will reconstitute to the original volume of the semen 
sample before the first dilution. Tire mixture should be stirred with 
a small glass rod until the sperm are well mixed with the diluent, and 
then inseminated at once. 
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Frozen Chicken Semen There is now considerable interest in the 
possibility of successfully stonng chicken semen in the frozen state 
Shaffner (1942) was able to show some fertility, but no hatchabihty, 
after quick*freezing semen at —76® C and stonng it for as long 
as 14 months Later, Smith and Polge (1950) found that by adding 
15 per cent glycerol before freezing at —79® C , the revived sperm 
showed a hi^ degree of motility but gave no fertility Polge (19ol), 
following this same technique, removed the glycerol by dialysis 
with Ringer s solution and obtained 54 per cent fertility during the 
week following insemination Since Allen and Bobr (1955) have 
shown that fertility from semen glycerol mixtures can be obtained by 
inseminating directly into the uterus, some combination which in 
eludes freezing at —79“ C with 15 per cent glycerol, followed by 
dialysis and intrauterine inseminations, should result in th^ satis- 
factory use of frozen semen 

Turkey Semen ^Vhat has been described for the chicken is equally 
true for the turkey, although there arc some indications that whole 
turkey semen is more resistant to storage than is chicken semen 
Carter et al (1957) stored whole turkey semen at 57“ F for zero, 
two, four, and six hours with resulting fertilities of 93, 80, 72, and 55 
per cent, re^pcctiveij There were no significant adverse effects of 
holding time on hatchabihty Harper (1955) found that undiluted 
turkey semen could be held, at the beginning of the breeding season, 
for as long as four hours at 55“ to 60“ F without affecting fertility 
A holding time of only one hour, however, resulted m a decrease in 
fertility as the breeding season progressed At the present time it 
would not appear desirable to hold turkey semen for more than 
one our poor to insemination The correct holding temperature 

probably IS bet>\een 75“ and 85“ F 


UABOnATOnV EVALUATION AND FERTIUZINC ABILITY 

founVi'i!!!'' measurement o£ semen quality has been 

'“^1 M P'«l-ct fertihzmg abity of a semen 

of Pmker ? ""ded m this area From the data 

apparent that Shaffner ard Andrews (1948) it seems 

fertihlv cxccnl '°'mj>e nor sperm concentration is related to 

lOOmili.on (\lunro'"BW ^‘eT mtroduced falls below 

) There is some positive relationship be- 
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tween high initial motility and good fertility. Initial motility must be 
scored arbitrarily, with rapidly swirling samples scored highest aAd 
samples showing nothing but individual cell motility scored lower, 
Parker found that fertility decreased with increasing numbers of 
abnormal sperm types, as observed in semen smears on glass slides. 
Shaffner and Andrews (1948) found that tire persistence of sperm 
motility in semen stored at 4° C. was positively correlated with fer- 
tility. Bogdonoff and Shaffner ( 1954 ) have described tire methylene 
blue reduction test and reported that the shorter the time required to 
reduce methylene blue to yellow, the better the fertility obtained. 

By way of summary, it seems that initial motility score is the 
easiest measure to obtain since the only equipment needed is a 
microscope. The methylene blue reduction test requires special 
equipment and cannot be read for at least half an hour. Determina- 
tions of the degree of motility following storage and the percentage 
of abnormal sperm are valuable in research studies but are too time 
consuming to be of much practical value. 

PnACTICAL APPLICATIONS 

During recent years artificial insemination has become an im- 
portant commercial practice in the turkey industry. It was mentioned 
earlier, and bears repeating, that one West Coast breeder planned to 
inseminate 150,000 turkey hens artiSmaUy during die 2959 Jenson. 
McCartney (1951) reported that by instituting artificial insemina- 
tion he increased the number of poults per breeder from 42 to 55 
in a medium-sized White strain. The authors have obtained an aver- 
age of 90 per cent fertility for an entire breeding season by artificial 
insemination alone. Many turkey breeders use artificial breeding 
•only to insure high fertility at both the beginning and the end of the 
breeding season. It is fair to state that fertility in heavy strains may 
be usually stepped up by 15 to 20 per cent if artificial insemination 
is used to supplement natural matings. 

Because of the efficiency of natural matings in the domestic fowl, 
there is a decided limit to the use of artificial breeding in this 
species. There are, however, occasions when it can be employed to 
good advantage. For example, if birds are kept in laying cages, it is 
a ver)' efficient way of securing fertile eggs. By using 30 cockerels, 
handling them once daily for six days each week, and pooling tha 
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semen, two men working two hours per day can inseminate 250 hens 
or take care of a flock of 1,500 hens On this basis it is possible to 
produce approximately 5,000 chicks per week from this flock with 
an output of 24 man hours of labor 

Artificial insemination could be of considerable value to the 
pedigree breeder who keeps the breeding hens in individual cages 
Some years ago a commercial breeder in New Jersey produced over 
6000 pedigreed chicks from 144 hens and 26 cockerels His labor 
output for the ten week period was 40 man hours of skilled labor, 
that IS, labor required to artificially breed these birds 
Pedigree breeders who wish to change breeding males in the 
middle of the breeding season find that artificial insemination is 
worth the httle extra work required The breeder can save an entire 
week m his operations at a time when a week is of considerable 
value The procedure is to remove the old male from the breeding 


pen seven days before it is planned to stop saving hatching eggs 
During these last seven days the hatching eggs will be highly fertile 
as a carry-over from the old male Then on the morning of the 
■seventh day followmg removal of the old male, all hens are insemi 
nated with semen from the new male It is safe to begin to save 
hatching eggs which can be attnbuted to the new male seven days 
following the artificial msemination Actually the error would be 
slight if one began to save hatching eggs only three days after m 1 
semination, because fresh sperm almost always supersede the older 
sperm As soon as the artificial insemination is completed, the new 
male should be given his liberty in the breeding pen so that he may 
bc^n to mate naturally Credit for developing this time savmg 
tcchn^e goes to D C Warren, formerly of the Kansas State Col 
j 1 practical with turkeys, since, as Kosm 

^ a e e> (1950) found older sperm are not completely replaced 

by new sperm for some time 

U has been claimed that artilical .nsemmalion can be used success 
have'aW effective reproductu e We of aged sues which 

daL at at^r'f "'T worth To date, however, no 

data are araihble to aerify this claim 

that do nol'^n ^ ’nsemination it has been possible to make crosses 
coch sometimes >t IS hnown that n pheasant 

but the reciprocal cm d '"•** n ben of the domestic fowl 

reciprocal cross does not oecnr in nature Artdieially, it has 
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been possible to cross successfully the,- male of the domestic fowl 
with a ring-necked x^heasant hen. Similarly, a successful cross be- 
tween the domestic fowl and guinea fowl has been reported. One 
writer has claimed that semen has been artificially collected from 
males of the following: peacock, finch, and canary. In studies of the 
inheritance of body size in the domestic fowl, it has been possible 
to cross bantams with normal-sized fowl by using artificial insemina- 
tion, whereas with natural* matings such a cross is unpredictable 
•because of extreme differences in body size. Attempts have been 
made to cross the turkey and the domckic fowl—using artificial 
insemination— but no viable offspring have been reported. 1{ is a 
simple matter to make this cross reciprocally. 
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Swine 


JOHN AAMDAL 


Tile artificial insemination of swine is still in an experimental stage, 
however, it is already of practical commercial importance in some 
countries 


TIIE NOR\VEClAN AimnClAL VAGINA 

'ae semen of the boar is readily collected with an arbficial vagina, 
\ lypss of artificial vaginas have been devised ( Aamdal, 

ion? p’ Koppang 1938, Ito et a], 1951a, McKenzie, 

1931, Folge, 1936) 

55^has’£r'®‘"n vagina, shown in Figures 54 and 

?e'nod I ■" ^'‘■fiv.al insemination over a long 

diar^LT a, 'r® ^ °A i'*’" 18 cm , and It has the same 

™mScloLed .r°”. Of ‘he air pump be 

ence has fhown TatTh^boTr nref" 

An inner fiiV.« , »i. ai. smooth inner tubes 

funnel The semen 11^*1 surface turned in, is used as a 
a double hd perforalM '' tlfo" * hh'hml plastic bottle, which has 

the semen .Sred tie rl?'" 

further filtration of the semen w through the lids, and no 

with 300 ml of water at 50-c7m"7 l^lerfubn^tidlh 




c 


Frgure 55 The Norwegian orlifidot vogmo for the boor duojsembled The vo0ma 
a is 18 cm long with the same d omeier as the model used for the bull The inner 
tubes 28 cm long are used os a funnel b There is a metal supporting splint r, 
46 cm long and 5 cm wide The 500 ml plastic bottles d, have double plastic I ds 
e, perforated with 2 mm holes The foam rubber piece { Is 2 cm thick, 7 cm 
Wide, and 14 cm long and has a Y*shoped sit (0 8 cm in each d rection) for the 
penis The oir pump g U attached to the tube h on the vogina 
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slenle vaseline and air pumped in The pump has a valve to permit 

release of air in case the pressure is too high 

The foam rubber piece, with its Y shaped, slit, is fastened by 
means of a rubber band over the entrance of the vagina, and the 
vagina is attached to a metal splint iri the same way The plastic 
bottle IS supported b> means of a rubber band at the other end of 
the splint A hole in the funnel, near the vagina, permits escape of 
preputial secretion during semen collection, and thus prevents it 
from mixing with the semen Also, the splint is bent up to prevent 
flow from the vagina into the bottle 
The foam rubber piece is designed to give the penis a mechanical 
cleansing as it passes through it and also— like the hole in the funnel 
—to prevent in some measure, the flow of preputial secretion into 
the vagina and the semen bottle Except for the foam rubbe- piece, 
which IS used only once, the entire apparatus ought to be boiled after 
each collection 


niE DUMMY sow 

It IS possible to collect semen from a boar when he is mounted 
on a sow m heat It is more convenient, liowever, to make collections 
when the boar is mounting a dummy sow 

Different tj’pes of dummy sow with more or less complicated 

construction have been devised (Golze 1949, Ito e( fl/ , 1951a) In 

Figure 50 is shown a dummy sow which has proved satisfactory 
Ixjth from the operator s and boar s point of view and it is also easy 
to keep clean Its frame is made of ‘^4 mch galvanized iron tubing 
stuffed to a proper shape and covered with a plastic cloth During 
le CO ection of semen the dumm> may be soiled with secretion 
rom 1 1 C and bactena can be transmitted from one boar 

'T wooden platform so that the boar 

IhTnbtwr ^ '■■"'•"’O'' V^ri of 

W frC Jtl , "r of *0 -Jo-o-ny P^<=«nts the 

mas he losrcred or°° The hind legs of the dumm) sots 

med To ensure a ®'^*'d*ng to the height of tlie boar being 
ensure a comenient working position for the operator. 
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\‘ 130 cm H 





figure 56 The dummy sow, mode of Qofvantzed iron ond stui^ed, hos o changeable 
cover The adjustable wooden block top right prevents the boor from getting too 
far forward during collection of semen 


it IS important that the hind legs of the dummy be placed well for- 
ward 


SEMEN COLLECTION PHOCEDURES 

When the boar mounts the dummy, the operator guides the penis 
into the artificial \agina If the artificial vagina is the NorNsegian 
t>pe, he threads the penis through the Y shaped hole m the foam 
rubber piece The operator then sits down on a stool on the right 
side of the dumm) , with the \agma inhislcft hand and his right hand 
grasping the funnel (Figure 57) The operator then tries to catch 
and hold the penis, through the \agina, witli his right hand As a 
nile, the boar will mo\e the penis fo^^^ard and backward several 
times while the operator is trjing to get a finn hold on it 

As soon as ho has the penis fixed in his Innd, the boar w ill begin 
to ejaculate (Figure 5S), and an assistant should detach the plastic 
bottle from the supporting splint so that the semen can flow directly 
into it 

During the attempts to catch the penis the vagina must always be 
held in such a w as that prcpnlial stcrtlion wall not flow down into 
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57. Method of Qrosping the penit prior to eloculotlen. 1. Slit In 
foam rubber piece. 2. Bent jplmt. 3. Hole ift funnel 4. Air pump. 

the bottle. Usually, some of the secretion that has passed the foam 
rubber piece will flow out through the hole in the funnel. 


SEMEN CHARACTERICTICS 

Boar semen consists of three fractions: a prespermal fraction, 
mwny gelatinous material from Cowper’s glands, the sperm- 
nch fraction, and the sperm-poor fraction, mainly gelaUnous ma- 
tenal and fluid from the accessory glands If is presumed that the 
mam unction of the gelatinous material is to prevent the backflow 
ot semen during and after coitus. 

ot semen from three 

a,fferent boars used m artiBcial insemination. 
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■ The density and total number of sperm per ejaculate are subject 
to great variation depending on frequency of collection and indi- 
vidual diversity. 

The semen of the boar contains a high number of bacteria, on the 
average 180,000 per ml. if an artificial vagina of the ordinary type 
as designed for the bull is used (Aamdal, Hogset, Sveberg, and 
Koppang, 1958; Tanaka et al., 1951). Since the semen contains only 
a small number of bacteria as it leaves the tip of the penis, the major 
part of the bacteria comes from the boar’s prepuce (Aamdal, 
Hogset, Sveberg, and Koppang, 1958; Koppang and Filseth, 1958). 
If the Norwegian type of artificial vagina is used, so as to prevent 
the preputial secretion from flowing into the semen bottle, the 
number of bacteria in the semen is decreased to 10,000 per ml. on 
the average. 

The microscopic determination of the quality of boar semen is 
best made with diluted semen and by means of a phase contrast 
microscope, 200 diameters magnification. The temperature on the 
object table should be 40° C. (104° F.). Furthermore, the sperm 
needs three to five minutes to reach maximum motility. 



Ftguf 56. Crow *«ct5on of the ertifKiat Volina during eloculafion. 7. Outer 
wall of the vogine. 2. Inner olr tube. 3. Inner water tube. -4. Funnel. 5. 
Woter. 6. Air. 7. Air pump. 8. Foom rubber piece. 9. Plajtic bottle. 70. 
Double perforated lid. 7 7. Penh of boor. 72. Cro*» lectlon of fingew of 
right bond. 13. Crow »ect>en of thumb. 
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SEMEV DILUTION 

Through the years, vanous diluents have been tned for bull 
semen, and many of these hav e also been tned for boar semen When 
diluted with 3 per cent glycine and 30 per cent egg yolk (Polge, 
1936), or 9 per cent skimmed milk, powder (Melrose), the boar 
semen may be successfully stored at 41* F The 3 per cent sodium 
citrate— 30 per cent egg yolk is a very good dilutcr for boar semen 
when stored at 15* C to 20* C (59® to 68® F.) As this temperature 
also IS highly suitable for growth of bactena, it is important that 
semen collections be as clean as possible and tliat antibiotics be added 
at the rate of 1,000,000 international units of penicillin and 1 gm 
of dihydrostreptomycin per 1,000 ml sodium citrate Boar semen 
stored m sodium citrate diluter at 15® C to 20® C (59® to 68® F.) 
shows good survival, and the conception rate is the same up to SO 
hours after collection 

The minimal volume needed per insemination is found to be 50 ml 
of diluted semen In artiDcial insemination procedures wherein some 
waste of semen is likely to occur, a larger volume is required A dose 
of ITO to 150 ml of diluted semen per insemination has given good 
results and seems to be warranted 

Since there is a great vanation m density of boar semen, the 
dilution rate must depend upon the density of the sample At present 
there is little knowledge about the effect of increased dilution of boar 
semen on the conception rate Dilution up to 4 bilhon sperm per 
wuTgood'residr' ^ ejaculate, has been used 


estros in sows and time of insemination 

sows IS 48 “ Large White 

about the eiehtP ^ 1 , 1" Black, 60 hours Ovulation occurs 

of ostnis in Large 

Blaeh sows ^ ''“O'* ‘o '>■« Blty fourth hour m Large 

as 'rfdeuiagTnd XeUmnAhniiC' 
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Breeding experiments show that in natural mating the same per- 
centage of pregnancies is obtained by mating at 0, 12, and 24 hours 
after onset of estrus in Large White, and at 0, 12, 24, and 36 hours 
in-Large Black sows. At matings later in the estrus, the conception 
rate was much lower. 

As to the optimal time for artificial insemination, no report 
is at present available. It is surmised that insemination during the 
first half of estrus gives the best conception rate, as in natural mating. 
Experience from artificial insemination on a big scale seems to con- 
firm this supposition.- 

INSEMINATION PnOCEDUIIES 

The cervix of the sow is long (Figure 59), and the canal is curved 
in the upper part and so narrow that it is impossible to pass any kind 
of instrumenj through it without damage to the tissues. 

In order to squeeze the semen through the narrow part of the 
cervix and into body of the uterus different types of apparatus 
have been devised, such as a rubber tube, an ^bonite tube, and a 
glass tube. In Figure 60 a new type of equipment is shown. The 
equipment consists of a plastic tube about 50 cm. long -with a diam- 
eter of 8 mm. About .2 cm. from the tip a plastic cuff ( diameter, 



Figvrt 59. longitudinal section through the vagina ond uterine cervix e( a tow. 
The curved course of the cervlcol canot h stained. 
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4 cm ) IS fixed, and this may be inflated by means of a pump ^^en 
the cuff IS inflated, it stoppers the cervix, so that the semen does 
not flow back into the vagina dunng insemination ( Figure 61 ) The 
cuff has about the same functions as the gelatinous part of the semen 
IS presumed to have m natural mating The 150-c c plastic bottle, 
also used for transportation of semen, is coupled to the plastic tube 
by means of a rubber connecting piece with attached head 
When the operator is ready to make an insemination, both the 
plastic tube and cuff should be hibncatcd with liquid paraffin and 
the tube pushed as far into cervix as possible (Figure 61) The cuff 
IS then fully inflated, the semen bottle is coupled to the plastic tube, 
and the semen slowly injected In case the semen leaks out through 
the vagina the cuff must be deflated, the tube pushed further in 
the cervix, and the cuff once more inflated 


PHACnCAL ASPECTS 


Smce boar semen vanes widely in quality, the semen of prospective 
sires should be examined before they are accepted in an artificial 
breedmg program The examination is best done at the breeding 
center In natural mating a fairly high conception rate can result 
even if the boar s semen is of poor quality, but m artificial insemina- 
tion the rate will be low Therefore, a boar whose semen is not of 
good quality should he rejected for artificial breeding 
As a rule, there is no problem in collecting semen from a boar in 
a herd If the hind part of the dummy is moistened with unne, the 
boar wiJl mount 


In ejpenmental work, boar semen has been collected at 48-hour 
merva owever practical expenence in artificial insemination 
^ to show that boar semen collection over a long penod 
fortniPhTc ® ® oftener than twice a week or three times a 

cause a dp Presume that overfrequent collections will 

concep'l.on rate 

present is tn dpip^riv " use of artificial insemination at 

at the optimal tim riT Set her inseminated 

The s^'^Tof rTdd " fi-t half of the period 

to three days beforri'Jf of the vulva commence two 

these ^ 

1 he typical proof that the sow is in estrus 
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is that she "stands" for the boar* When no boar is available for 
testing the sow, the fanner himself has to find out if the sow is 
standing by trying to sit on her back. 

To gain experience, the owner should follow the sow closely 
during one heat, noting the changes in symptoms; and he may in- 
seminate in the next heat. 


RESULTS ARTinClAL INSEXflNATlON IN SWINE 

Although good conception rates have been obtained in experi- 
mental work on the artificial insemination of swine, the rates var>' 
greatly in general farm practice. In Norway, a total of about 7,000 
inseminations are performed each year, representing about 12 per 
cent of all mating in swine. In 1,700 first inseminations over a six- 
month period, the conception rale, based on the number of farrow- 
ing sows, was 56 per cent. Semen was diluted at the rate of 30 
million sperm per ml., and the diluler used was 3 per cent sodium 
citrate— 30 per cent egg yolk, with added antibiotics. The diluted 
semen was stored at 15® to 20® C. (53® to 68® F.), and inseminations 
were performed by different veterinarians between 4 and 30 hours 
after collection Tlie insemination dose was 120 to 140 ml., that is, 
8 to 15 doses per collection. Semen was shipped as much as 300 miles. 

There was no significant difference in the size of the litter when 
litters resulting from natural mating and from artificial insemination 
were compared. In 3,000 litters resulting from artificial insemina- 
tion in Norway, the average was 9.65 piglets per litter. 

In France in 1961 over 11,000 sows were artificially serviced, with 
a inception rate of 70 per cent on first insemination. Semen was 
TOUected three times a week. In Holland, about 60,000 sows were 
inseminated artificially in 1962. (Dzink, 1962. ) 

"'■‘PPed long distances with satisfactory results. In 
™ Noru-ay to Beltsville, Maty- 

was rnll Inseminated 30 to 40 hours after the semen 

was collected. Eleven of the sows (46 per cent) farrowed. 
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Dogs 


ELLIS F. LEONARD. 


The first recorded instance of artificial insemination in the bitch ^ 


in 1780. Abb6 Spallanzani is reported to have artificially impregnated 
a bitch at that time, and after 62 days she whelped three puppies, 
two male and one female. All three pups were said to resemble the 
male parent. From time to time other sporadic and successful at- 
. tempts were made to inseminate bitches artificially. Most of the early 
work was of an investigational nature, and only in recent years has 
artificial insemination been practiced in order to effect certain 
matings that otherwise would be impossible. Even today the use of 
this procedure is not nearly so prevalent in the breeding of dogs as 
it is in the breeding of cattle and some of the other animal species. 

Up to the present time the American Kennel Club has not en- 
couraged the practice of artificial mating, although it will cooperate 
with the breeder if he wishes to employ the method or if he finds 
it necessary to do so.. When a natural mating cannot be consum-" 
mated, application for registration of a litter bom as the result of 
artificial insemination will be considered by the American Kennel 
Club provided there is compliance with certain stipulations. 

The American Kennel Club must be furnished with a properly 
completed official Utter application form, an affidavit by the orvner 
of the sire certifying that he witnessed the extraction of the semen 
and its insemination by a licensed veterinarian, identified by him 
in his affidavit, and an affidavit from tlie veterinarian that he made 
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the exhachon and the m.emmat.on and that th.s was done tn the 
presence of the sire's osvner Botl. statements must identify the sue 
Ld dam hy American Kennel Club name and number and must 
State the time and place of the mating * , , , . 

In the case of dog semen, no adequate controls have been set to 
govern Its shipment Since it has been difficult to preserve the semen 
for any length of time, this natural control has somewhat limited 
the widespread distribution of semen from a given stud 


ANATOSn OF THE DOC 

Of all the domesticated animals, the dog probably has the sim- 
plest genital anatomy In the rAale, seminal vesicles and Cowpers 
gland are not present, and the only accessory sex organ is the pros- 
tate This IS located at the neck of the bladder and completely sur- 
rounds the prostatic portion of the urethra, to which it is closely 
adhered The prostate empties into the urethra through many small 
openings in the urethral wall on either side of the urethral crest 
Hypertrophy of this gland is common in older dogs 
The testes, epididymis, and ductus deferens are essentially the 
same as those of the bull The penis consists of a root attached to 
the ischium, a body, and a relatively large glans with a bulb at its 
caudal end The anterior portion of the body, and most of the glans, 
has a bone passing through it This os penis has a deep % entral groove 
through which the urethra passes 

The mechanics of erection is not well understood in the dog The 
bulb of the glans becomes very large during erection and serves as 
the male part of the locking device which causes a tie during coitus 
The reproductive organs of the bitch consist of vulva, \estibule, 
.vagina, bicomate uterus, and ovaries The vulva, which lies some 
distance below the anus, is relatively small during anestrus During 
heat the vulva becomes engorged, enlarged, and as the proper time 
for mating approaches, changes m texture from a hard, rigid organ 
to one that is soft and spongy The vestibule is that part of the 
female genital canal which extends from the vulva to the urethral 
opening This part of the canal is nearly vertical in direction except 
unng t ^opulatory act, when it may assume an almost horizontal 
^si ion e vagina, uterus, and ovaries need no special description 
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ESTHOUS C\CLE OF THE BITCH 

The reproductive cycle in the bitch can be divided into four 
stages, that is, anestrus, proestnis, estrus, and nietoestrus This cycle 
IS ordinarily completed twice each year, although there may be indi- 
vidual variations in the length of the cycle (172 days to 200 days) 
Anestrus can be described as that period beginning at the end of 
regressive changes following one estrus and ending at the onset of 
proestrus This period seldom exceeds two months A vaginal smear 
made during anestrus is composed primarily of leucocytes and 
epithelial cells 

Proestrus is the period extending from the first appearance of a 
sanguineous discharge to the time of first acceptance of the male 
This period may vary between seven and nine days but usually is 
about nine days The vaginal smear during this period reveals many 
erythrocytes and cornified epithelial cells Leucocytes are absent 
Estrus is the period from the first to the last acceptance of the 
male The length of true estrus may vary between five and twelve 
days, with an average of about nine days Ovulation usually occurs 
at about the second day of true estms The characteristic elements 
of a vaginal smear at this time are erythrocytes and dismtegratmg 
comificd epithelial cells There aie also large numbers of bacteria 
present 

Metoestrus is the regression penod beginning at the end of estrus 
and extending to the resting or anestrous stage This period is ap- 
proximately three months m length A vaginal smear during this pe- 
riod will show the return of leucocytes and the gradual change of 
cornified epithelial cells to those having the dliaracteristies of 
anestrus 


THE COPOLATOnl ACT 

The dog IS attracted to the bitch m estms long before she is ready 
to accept him In the normal bitch the acceptance period is only' 
dunng true estms There max be considerable variation in the 
length of this period, in some cases nine or ten days and m others 
only a day or txx o Some bitches x\ ill court or tease a stud a full day 
before they xxill accept him The teasing penod is Iikelx to be pro- 
longed in cases wherein the stud is not a particularly vigorous one 
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A good, cxpcncnccd s.ud mov not Mo. any teMing but nil! mount 
andbrccdabltcl.assaonns5liebpbced«itbhm 

pos.t,on She stand, quicll) for the male o mount ^ 

^ple tmre to male an entra. If the stud 

b.tcl. ndl probabl> resort to teaung again In order to ' 

A, the stud mount, be protrudes the anterior portion of e glm 
and attempt, to contact the suUa When contact “ f 

is llinisl mlo the \csnbuk*. t!ir prepuce hctiiR pus^a bach o 
b«\b of the gbns. and the Indf. fmeed « n the Ups f ^ 

A series of short ihnisling movcmenls aic tficn irndc. and it is tlurmg 
this patl of the copvdator> act that ti.c tnie crccUon of Ific penis 
takes place Tlie entire ghns. including the buU>. Wcomrfs greatb en- 
gorged and enlarged The bps of the Miha grasp the pent' 
posterior to the bulb and thus « ffict n lie 
Ejaculation begins nmIIi tbec'oitd tbirnt. and ibc first plnsc is llic 
emission of a clear, water) fluid wblcb continues until erection »s 
complete At this point the thnisling movements of the stud cease, 
but ejaculation continues Into the second plnsc Tlds clwdate U a 
whitish, milky fluid which contains large tunnl>ers of spennatoToa 
One can observe the ejaculatory action by noting the pulsations at 
the root of the penis Tins phase mav last from five to fdteen mm- 
iiles Frequently the stud dismounts during this phase and stands 
facing aw ay from the bitch 


SLM»s niMivmjusTira 

Comparallvel) little work has liccn done with,dog scintn Lainhcrl 
and McKenzie (1940) report the volume of ejaculate to be 2 to 
19 ml (most common volume 7 ml ) Nooder (1950) places the 
volume at 1 to 20 ml and comments that volume may vary consid- 
erably in the same dog Tlie number of sperm per milhhler lias been 
variously reported from 8S million to 5SS million, and from 69 mil- 
lion to 1,720 million per ejaculation Alifanov (1904) observed that 
sperm v/ere produced contumously and that the normal amount was 
restored at intervals of 24 to 72 hours Nooder states that in the dog. 
prolonged sexual rest has no effect upon the quality of the semen 
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It was also found' in studies by Boucher et al. (1958) and also in 
those made hy. Blackledge (1958) that there was no appreciable 
alteration in semen quality when collections were made as fre- 
quently as every other dsiy for short intervals. 'Even when, a stud 
dog is ejaculated daily for short periods, a 24-hour rest will usually 
provide sufficient, rest tor complete restoration of sperm reserves. 

, Color of the ejaculate may vary from light gray to white, and the 
consistency may’range from watery to viscous. This variation in color 
may he due in part to the concentration of sperm in the semen 
sample. 

Blackledge describes a method of calculating the nupiber of 
sperm using a photometer. With this method, the semen is diluted 
•1 to 4 or 1 to 9 with a 2.9 per cent sodium citrate solution and the 
optical density determined with a Klett-Summerson colorimeter 
using a green filter. From this calculation, the total sperm per ejacu- 
late and the total motile sperm per ejaculate can bfe determined. 

Individual movements of the spermatozoa are intense in fresh 
samples, and mass movements also are sometimes seen. Nooder 
( 1950 ) observed not more than 20 per cent morphological abnormal- 
ities in good sperm. 


SEMEN STORAGE 

Survival time for normal semen is about 21 hours. Bederke (1933) 
found that dilution with physiological saline redyced this time by 12 
to 15 hours. He also found that dilution with dog serum reduced the 
survival time by half and that dextrose solution alone or with sodium 
phosphate buffer had an unfavorable influence. More recently it has 
been found that survival 'time can be extended to as much as 173 
hours through the addition of such extenders as pasteurized milk 
or egg yolk-citrate. However, it has been found that dog semen is 
extremely sensitive to most extenders and actually survives best 
with one of the two just mentioned. 

Harrop (1954a) uses the following method of preparing the milk 
extender: One-half pint of ordinar>’ pasteurized milk is slowly 
heated to 92° C. and kept al that temperature for ten minutes; it is 
then allowed to cool to room temperature; 10 ml. are then care- 
fully poured into a test tube, without disturbing the scum that has 
formed on the top of the heated milk. The second fraction of the 



276 Artificial Inseminatton of farm Animals 

semen sample, after having been examined for motility, is slowly 
mixed with the heat treated milk at the rate of 1 part of semen to 


parts 01 miiK ^ ^ ^ 

Foote, using an extender consisting of 20 per cent egg y 
citrate and 1 5 per cent glycine, was able to extend survival time 
to eight days The criterion in this experiment v\as motility, and 
as yet the test for fertility of the sperm has not been earned out 
In the case of the milk extender, Harrop and Leonard (Leonard, 
1956) were able to impregnate a bitch with semen that had been 
preserved in milk for 140 hours and shipped by air from London to 
Ithaca, New York She whelped Hnc puppies 


INDICATIONS FOR INSEMINATION 

Generally speaking, artificial insemination is resorted to in dogs 
when natural matings are impossible because of geographical dis- 
tance between stud and bitch, or for physiological or ps>cnological 
reasons 

In the dog, premature erection may prevent entry of the penis 
into the vagina This may result if the stud is attempting to make 
entry on a small or immature bitch An occasional stud may have 
premature erections habitually Some studs, m which the semen may 
be normal, will show evidence of impotenc> through lack of seicual 
drive 

Artificial msemination becomes necessary if the bitch has de- 
veloped a neurosis as a result of being trained as a watch dog, or if 
she has become thoroughly upset due to transportation Bitches with 
vaginitis frequently will not conceive following a natural breeding 
but can be impregnated artificially 


SEMEN COLLECTION AND EXAMINATION 

Equipment for collection of semen by one method consists of a 
stenle 20-ml glass synnge with a rubber adapter (Figure 62) Glass 
shdes and a microscope should be available for examination of the 
semen Whenever possible, collection and insemination should be 
done at one operation 

As the first step m artificial insemination, the bitch should be 
presente to the stud, and as soon as he shows interest, the collector 
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Figure 62 Two sizes of artificial vogmo, o syringe with o rubber adopter used for 
the collection of dog semen, and on tnseminotang tube 


grasps the bulb of the glans in one hand with slight pressure behind 
the bulb. Having withdrawn the plunger from the syringe and 
doubled ov^er the adapter to prevent leakage, he Jiolds t)?e barrel in 
his free hand and uses it for the collection of semen (Figure 63). 
He should take care that the penis does not enter the syringe, and in 
the case of shy breeding studs the syringe should not even be allowed 
to touch the penis. If the first part of the ejaculate is lost due to 
thrusting motions of the stud, this is of little consequence because 
the part containing most of the spermatozoa will be ejaculated after 
the thrusting has ceased. It is most important to keep constant pres- 
sure back of the glans until sufficient semen is collected. If the in- 
semination is not to be made directly from stud to bitch, the semen 
may be collected in a test tube so that it can be more easily handled 
for the purposes of extending and shipping. Collection may be made 
directly into the test tube by means of a glass funnel or through the 
use of an artificial vagina. 

Harrop has indicated his preference for the artificial vagina in all 
semen collections (Figure 64), It is interesting to note, however, 
that Boucher ct al. (1938), \sorking on the evaluation of quality. 



found that the artificial vagina had some detrimental effect on the 
quality of the semen. He, therefore, prefers the uso of the glass ‘ 
funnel. ' ' . 

Motility and morphological examination of the speim Is carried 
out as soon as the sample is collected. A drop of jemCn is placed on 
a glass slide and spread slightly. It then can be extoined under the 
low-power microscope for the amount of activity and iriotiUty ex- 
hibited by the spermatoioa. ObservaUons alsd may be made as to the 
amount of mass movement, although this has little clinical signifi- 
cance. ... 

For morphological studies, a very simple and effective method,6f 
' staining is to mix a drop of semen with a drop of India irtk. The 
abnormalities in morphology seen in other mammal sperm are also 
spermatmoa, but the total irregular fonns should not 
cl«r «i>n'iried, it is well to 

S e are ' plaining. 

If a '‘“Wng *uch specimens. ' 

If a -live.dead count is to be made, staining thi 


, staining the specimen with 


figure ^4 Collecting semen by means of an artificial vagino 


eosin B and nigrosm is very effective The eosm vyiU not penetrate 
the cell membrane in the case of living spentf, tod dead sperm are 
stained a light pinh The nigrosin lays doyhf g background against 
which the living sperm may be seen There' are many modifications 
of this method 


INSEMINATION PHOCEDURES 

After collection, thoronly additional equipm'ent needed for in- 
semination IS a sterile tube (see Figure 62) An ordinary 1 ml glass 
pipette may be used for this purpose, or one may procure plastic in- 
semination tubes which are sterile-wrapped by the manufacturer 
A common size is 6 mm (diameter) by 1 cc (capacity) These 
plastic tubes cannot be autoclaved In order that all equipment may 
be sterile and ready for use at any time, the glass pipette, synnge, 
and adapter can be scrapped in a muslin cover and autoclaved 
Boiling is equally effective but has the disadvantage of consuming 
time when the insemination is being performed 
After the semen has been collected and examined, the bitch is 
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placed on a table of convenient height and held by an attendant 
Most bitches ^Mll stand quietl> to be inseminated, even though 
they may resist normal mating An occasional bitch may be trouble 
some and in such instances it is a safe practice to use a short acting 
anesthetic while performing the operation The genitaha are next 
cleansed with a mild soap and warm water and then thoroughly 
dried 

At this point one may insert a vaginal speculum and with a light 
locate the cervix The inseminating tube is then placed directly 
through the cervical os Most experienced operators however, insert 
the tube without the aid of speculum and light In this case the 
tube IS inserted between the labia of the vulva and pushed in a 
vertical direction until it has passed the vestibule The tube is then 
directed horizontally and passed through the cervix (Figure 65) 
The symnge is then connected to the tube by means of the adapter, 
and the semen is injected directly into the uterus (Figure 60) Some 
follow the practice of elevating the rear parts of the bitch followng 
insemination This may be of some benefit, but it seems logical to 
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Figure 66. Injecting the temen under very slight pressure. 


assume that if the semen is deposited in the uterus, elevation of the 
pelvic region is of little consequence. 

FUTUnE INVESTIGATIONS 

Because of the limited life of tlic spenn in dog semen, widespread 
geographical distribution of the semen from a particular stud can- 
not be made witliout the assistance of some suitable extender. It 
has not been altogether possible in the light of the fragility of dog 
-sperm to use all the proved buffers and extenders with the same de- 
gree of success* as with buirseinen. It seems quite possible that in 
the near future we shall be able lo find ways of preserving dog 
semen so that it can be used at times and in places when and where a 
preferred stud is unavailable. Ilarrop ( 1954a has recorded the 
first instance of a pregnancy following the use of preserved semen 
that had been slupped by bus and rail for a sliort distniicc. The 
author has recorded a successful pregnancy following the trans- 
atlantic shipment of preserxed semen, collected and extended by 
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Harmp and msominated by Leonard (Leonard 1956) (Figure 67) 
This ssofk has stimulated other researchers to investigate the field 
of dog insemination with the result that ness extenders are being 
found and semen quality standards arc noss being set up 
The p isSibihty of freeeiug dog semen has not been ins estigated, 
probably besause this type of preservation might prove to be rather 
iinprac ical in the case of the dog Tins problem along ssith others 
coiiiitc s wit 1 artificial inscimiiatioii iq the dog is noss being in 
sestigited by svorlsers ssho have recently become interested in the 
enmie plusi. of artificial insemination 
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Better Livestock 
Thiough Inheritance 


JOHN W BARTLETT 


Better Iirestock are the rest.U of selection on the part of farsighted 
breeders It is another way of saying that those men who hate been 
successful in improiing the heredity of their animals have decided 
which males and females shall be allowed to reproduce and which 
ones s la e iscarded Artificial insemination is being recognized 
because it permits many farmers to have the benefit of selected 
sires Today we are mating millions of dairv cows to sires of known 
tmnsmitting mhcntance Artificial insemination is a method which 
mn e J •" <«•« generation How far can this nn 

Zr, of ‘he pos 

k efnS --h 

be greater producers than the parental one 

and ^ 1^1 “ 8‘-‘ --als in our herds 

“nn^ i have been mie We 

great sires has' given L m'anvZ"''’'"”' '^'''^'^'^”’8 

decades nast WehT “ mure great animals today than five 

that the "old Imta exuenrTT'* '"‘^h e \ ears 

100 per cent m two increasing milk production o\er 

hulls can in a measure be applied^ mproved dauy 

this progress but how far ran ue go walh'’”''"' ^hall «,ntinue 
go with improsement of our best 
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livestock? We do not have and no doubt never shall find, a way 
to create new detennmeis oi genes foi animal improvement 

Aitificial bleeding oi livestock by special niatmgs is the best prac- 
tical ally of the model n genetics of faun animals since the begin- 
nmgs ot animal husbandry To have its greatest effect, however, arti- 
ficial bleeding shotdd be a planned piograni Its future really de- 
pends on oui ability to select sires that will increase production, mi- 
proie breed t\pe and sue longer iti with bieedmg efficiencr 

Theie is an old adage like begets like ’ It is a belief that m this 
statement lies the basis of all inheritance True, each of our domestic 
animals repioduces its kind but when we try to prove that parents 
and offspring are alike in detail we aie in for a good many disillu- 
sions Offspring do lesemble then patents to a greater or lesser de- 
gree, because all potentialities of each new born are dependent upon 
the contmuity of the germ plasm of the pier ions generations The 
charactensties however of any animal aie detei mined by three 
factors The first is mheritatice An aiimia! can become great only 
through the mheiitaiice it has leceived fioiii its parents The second 
controlling factor is eiir iroimieiit, the erteriial conditions rr Inch aid 
or hinder the aiiimars grow th and development Inheritance and en- 
vironnieiit woikiiig together constitute the third important factor 
■Mtliough none of these factors can be omitted, inheritance or blood 
expresses the innate equipment to do things 

The study of iiiheritaiice is called genetics A good defimtioi) of 
genetics is that it is a science rvliich explains similarities and dif- 
ferences between parent and progeiir 

LAWS COrERN INHEnlTANCE ” 

In 1900 three scientists working independenth rediscosered cer- 
tain principles that had been proved m the middle of tfie nineteenth 
centurs b) an Austrian monk named Gregor Mendel Their finding 
established the fact that main Inib hentable characteristics of a 
plant or an animal arc comparatn ely independent of one another 
and may be mlicnled independently Where there are different char- 
acters in father and mother, such as boms and honilessness, smooth 
coat and wrinkled coat in seeds, white color and black color m 
plumage of fowls, and long and short fur in rabbits, there is ob- 
* See list ot delinilEons of genelic tenns at end of chipler 
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viously a bringing together of the two traits In the resulting offspring 
In the next or third generation, however, when these brothers and 
sisters are mated, the two distinct characters may be set apart again, 
thus showing that although perhaps one only was visible in the 
second generation, the factors which determine both were neverthe- 
less present, and were moreover present in a separable condition 
This IS explained by our knowledge of the fact that those determiners 
which were present in parallel chromosomes in the egg of the mother 
and the sperm of the father and were separated by cell division have 
been passed on as distinct units In other words, they can be sepa- 
rated m one generation and brought back togethenn another with- 
out losing their identitv Mendel had shown that this unitary' nature 
of heritable characters aluavs belnved similarly and that the old 
adage, ' there is nothing new under the sun,” is correct genetically'. 

Determiners, or genes, are always found in pairs— one member 
of each pair comes from each parent Each gene has the power to 
maintain its identitv from one generation to another, from father 
through a son to a grandson and even farther 
An offspring inherits one or the other determiner or particle, never 
both, from the pair its parent possessed 'fhus a parent passes on 
to its progeny only half of its own inheritance 
An important qualification has been accepted by the modem 
geneticist, as we shall see Hter It is that this independent assort- 
ment of characters is not alvavs complete, since certain characters 
introduced together into a cross of two plants or animals tend to 
remain together in subsequent generations They are members of 
a group winch in hereditv behaves independently of other groups 
This IS easily understood when we explain it by our knowledge of 
chromosomes which carry their genes m a linear order like towns 
on a railroad map 


j IndepcrJ.nl Anorlment So far we hare seen 
that Mendel discovered two important principles or laws of inhent- 
In * T? ^ ^ plant or animal behav e as a single unit 

tZ," "" rZill •■°™>essness An animal either 

ers ^ZtmZ shows that genes, or determin- 

molocoiis n other in the splitting of ho- 
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and sisters, are mated Example A homed bull is bred to a polled 
cow Their calves have no horns, but in the next geneiation uhen 
these calves are mated, some of the progeny will have lioins We 
shall call this ‘segiegation ” 

' Independent assoitment ’ means that at the time di\ ision is going 
on m the egg and sperm befoie feitihzation, the distiibution of the 
chromosomes is random, foiecastmg a chance combination in the 
futuie If v\e considei a single pan of factors in each of two paicnts, 
such as black and red, wc shall ha\e four units, namely, two from 
each paient, and only one fiom each parent is used in the next gen- 
eration Now these might come together in four possible combina- 
tions in the following generation Example The mothei has de- 
terminers A for black and a for red, and the father A for black and a 
for red Then we may get combinations of AA, Aa, aA, and a i These 
different combinations are always foimed in equal numbers but with 
no control 

Dominniice. One character may mask the Other m the first genera- 
tion lit the crossing of two parents This means that when two in- 
dividuals having different expressions of a unit character (polled x 
homed cattle) are bred together, only one of these characters will 
be seen in the first generation offspring (polled in the above exam- 
ple) This character is said to be dominant This will usually be the 
case if the two parents are pure for these cTiaracters The character 
that IS masked or hidden in the first generation, or Fi, is said to be 
recessive (See Figure 68 ) 

It should be kept in mind that these laws behave the same in 
cither sex Thus the result will be the same m breeding a horned bull 
to a polled cow as in breeding a polled bull to a homed cow The 
crosses are said to be reciprocal Later on we shall see that there are 
some exceptions to these laws 

As an example or two, we find first the case in which one unit 
character is not completely dominant over its paired gene If we 
cross a red with a white Shorthorn we get a roan Red is onh par 
tialK dominant oxer white Another example is the behavior of 
unit characters which appear to work together rather than singly, 
as in the production of milk Milk production is accomplished hv a 
combination of several heritable factors working as a group We 
cannot see the hidden characters of inheritance Their relation to 
each other or their position on the chromosomes of the female egg 
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sufficient progeny to give reasonable assurance that the correct ratio 
is obtained. If, for example, we wished to check a Holstein or an 
Angus for a red factor, we would mate the animal with a recessive 
red such as the Guernsey or the Hereford. Unless we used several 
crosses in the same parents, we might not have assuiance that the 
dominant parent was free of tire recessive red. 

The Di-Wybrkl Cross. When we male animals, we naturally deal 
with the inheritance of mote than one character. That is, we deal 
for e.sample with black color versus red and polled versus horned 
at the same time. Let us cross an Attgus aird a Hereford in which 
there ate two pairs of genes that ate ttnlike or heterozygous. All pos- 
sible combinations can be represerrted, and the characters will assort 
independently tn the eggs attd the sperm. There are fottr possible 
genes from each parent. The results will be in the same ratio, how- 
ever, with nine black polled animals, three black horned, three red 
polled, and one red horned. One can work it oirt by a checkerboard 
if one wishes. 

Lacking of Dominance. When we mate red and white Shorthorns, 
we get roan progeny. Thus the resirlt of the gene action for red and 
for white appears in the same antmal, yet in the Fj generation we 
get one red, two roan, and one white again. 

If the breeder wishes to breed ntan cattle, ho must have red cows 
and white btrlls, or vice versa. 

The breeder should recognize at this time that he cannot tell by 
lookiirg at an animal or a fowl what it will transmit. We know that 
it can trairsmit only what it has inherited from its parents, but we 
may not know what characters have been in the ancestors of the 
animals with which we are working 

We have in poultry a situation which is confusing until we under- 
stand that two pairs of factors iiilhicncc only one charactei’istic in', 
stead of two. The condition in comb inheritance is the result of coirr- 
pleirrcntaiy factors. If we cross a Rose comb with a Pea comb, we 
get a Walnut comb. When these hybrids arc mated, we got M'alirut, 
Rose, Pea, .and Single. 

^Vhcll Rose-combed and Fc.a-combed are crossed, the results are 
Walnut-combed; and crossing two Walnuts, wc get nine Walnuts, 
three Rose, three Pea, .and one .Single, again a 9:3:3 :1 ratio. 

Mtillinic Factor Inheritance. So far our discussions have dc.alt with 
the iriherilarrcc of more or less easily distinguishable characters. In 
brief, the progeny tend to resemble one or more of the ancestors in 
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some particular way, such as color of hair, presence or absence of 
horns, and so on 

This IS explained by the fact that one or a few sets of allelic factors 
are responsible for the characters manifested Even in the case of 
the roan Shorthorn the lesiilt is due to the admixture of two simple 
colors 

If we study the inheritance of milk, size, speed, and fertility, it 
cannot be explained so simply, yet rules of inheritance are still at 
work If we take size in dairy cattle as an illustration, no precise 
divisions in groups can be made True, we can easily distinguish 
between a 1,500 lb cow and a 900 lb cow, but we cannot say that a 
1,200 lb cow IS large or small, and in a herd we shall find cows 
weighing from 1,200 to 1,800 lbs The reason for so many inter- 
mediate forms being produced is that size in this case is governed by 
several sets of gene pairs probably found on several different chromo- 
somes 


For example, dominance for any single factor does not play an 
important part m size The question of whether an animal is large, 
medium, or small is determined by the number of genes for large 
size present in proportion to the number for small size Thus we 
can see that the effects of these sets of genes, which are responsible 
for a particular character, are not only equal but add up to some 
result The more genes for large size, high production, or speed 
^esrat, the greater size, production, or speed we find in the animal 
On the basis of multiple factor crosses we sometimes get Fz animals 
more extreme than the grandparents This is because each parent 
contributes some effective mhenlance not supphed by the other 
parent Many multiple series are known in plants and animals Quite 
recently it has been discovered that there are heritable antigens in 
the b ood of cattle and birds Already at least two score of these anti- 
lZr!Z^ .u them to prove 

Lv mafhr matings m artificial breeding The 

bZd ? ; I W'U to 

pZe“ associations will record their 

shornZ^'el'"''”’!.™? of mhentance thus far 

m Mh.'eli pareZr Z "■ade to sex It has made no difference 

he from th^mZ o/f '’'“oed That it could 

male or from the female In sex Imbed mhentance «e 
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find that the genes determining certain characteristics will be lo- 
cated in the chromosomes that determine the sex of the individual 
The common fruit fly has been used in the laboratory for a study 
of many of our facts on breeding work. It has four pairs of chronjo- 
somes. In the female these are all evenly paired, twd pairs being 
large bent rods, one pair very small and oval-shaped, and one pair 
long and rod-shaped. The last pair are the sex or X chromosomes. 
In the male the makeup of the first three pairs is similar to that in 
the female, but in the fourth pair we find one sex chromosome a 
duplicate of that in the female and the other sbmewhat smaller with 
a bent portion at one end. This is called the Y chronrosome. When- 
ever an X and Y appear together, the sex has to be male. 

In the breeding work with the fruit fly, which normally has red 
eyes, a white-eyed mutant male was discovered. This male was 
saved and mated to red-eyed females, and all the progeny were 
red-eyed.. In the next generation, however, the expected three to 
one ratio of color was apparent, but all the white-eyed individuals 
were males. This phenonienon was explained by finally locating the 
genes for white eyes in the X chromosome. When a red-eyed female 
was mated with a white-eyed male, the flies would have red eyes, 
but the female would also carry in one chromosome the factor for 
the white eye. When mated to a red-eyed male, she in turn would 
yield two red-eyed females, one red-eyed male, and one white-eyed 
male. 

The female produces only one type of sex chromosome, whereas 
the male produces hvo types, one an X and one a Y. The sex depends 
on which type happens to come from the male. All characteristics 
that are determined by genes carried in the male X chromosome rvill 
therefore show this peculiar type of sex-linked inheritance. Many 
such characteristics have been located on the chromosome map. 

There are a number of known sex-linked factors in poultry. If 
the barred rock cock is mated to a black or any other non-barred 
breed, the offspring, both male and female, are barred. When the 
Fi hybrids are mated, producing an Fj generation, the results are 
three barred individuals, two males and one female, and one black 
or non-barred female. When the reciprocal cross is made, namely, 
black male on barred females, the chicks in the Fi are produced 
ns barred males and not barred or black females. When these hybrids 
are mated, the resulting generation consists of one-half barred and 
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Figure 69 Dyberry Robin o f ne e*ompt« of a yoong Metgon hor»e ii the product 
of 804 crosses bock to the orig nol Just n Morgon Roised end troined byhii owner 
Elmer N Seorls of Mod son New Jersey he placed second m the three year-old 
Stoll on fine harness driv ng doss ot the 1958 Not onol Morgan Horse Show At the 
present t me registered Morgon horses ore cH products of nolural mating 


one half black males, and one half barred and one half black females 
Sex Influence Itibenfancc. We must not confuse this type of in- 
heritance with sex linkage In this case the influence does not come 
from the X chromosome but from the other chromosomes, called 
autosomes Tkey are responsible for the production of the so called 
ductless glands which secrete hormones The pituitary, apparently 
the most important of the ductless glands, lies in a bony socket at 
e ase o t e brain It is known to secrete a dozen or more hor- 
^ incite and regulate sexual manifestations 

These female has o\aries, and the male has testes 

differenoec ^ ^ endoenne function which is manifested by 

male In sheep 
Some breeds are hornless 
both seres In A>rsh,re cattle there nt found a t>T>e of inheritance 
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which produces mahogany and white in the male and red and white 
in the female. In poultry the difference in feathering between males 
and females is due to testicular and ovarian hormones. 

Another type known as sex-limited inheritance is the result of sex 
hormones. Th® crest in the bulls, the masculinity in the stallion, and 
bright plumage in the cockerel are all examples of this hormone 
peculiar to the male. 

Inheritance of Lethal and Sublethal Traits. So far in our study of 
inheritance we have dealt only with those units or genes which are 
responsible for producing some observable character. B, for black 
color in the Angus cow, will always produce for uS a black calf when 
it appears. There are. however, genes which, when they come to- 
gether in a homozygous state, produce such a drastic action that 
they cause the deatli of the individual. These are called lethal genes. 
They may exert their killing effect in prenatal life or at birth of the 
individual. In a broader sense a lethal gene is one which leads-to the 
premature death of the individual, whether it be in utero, at birth, 
or after birth. We often hear the latter two spoken of as sublethal 
or semilethal. Some lethals have been found which cause death of 
the gametes, others during the formation or early life of the embryo, 
and others at various stages of uterine individual and postnatal life. 
One of tlie best-known lethals in animals is found in the Irish Dexter 
breed of cattle. The result is the so-called bulldog calf. In the hetero- 
zygous condition the Dexter is a short-legged, broad-headed in- 
dividual native to Ireland. When it is interbred, it produces a ratio 
of one-half of the Dexter type and one-fourth of the Irish Kerry type. 
The pure, or homozygous Dexter, resembles a Scottie dog and dies 
in utero. The skull is vaulted, the lip is cleft, and the lower jaw 
and the tongue protnide. Such calves are usually aborted between 
the third and the eighth month. Delivery at full time is difficult be- 
cause of the huge head. 

In England the practice has been adopted of breeding Dexter to 
Kerry, getting one Dexter and one Kerry, thus avoiding the chance 
of getting the bulldog lethal. 

It is most important in selecting sires for artiffcial breeding that 
we be assured that each sire is free of all lethal and/or sublethal 
characters. Recently the various breed associations have requested 
their membership to report any sire whose progeny show any one 
of the serious characters. No doubt a plan for testing all sires to 
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be used m breeding some day will be required Many practical 
breeders now breed their sires back to their own daughters to test 
their inhentance before using them extensively in a breeding pro- 
gram 

Tlie lethals and sublethals that are common in domestic animals, 
as bsted by Eaton ( 1937 ) , are as follows, with indications of whether 
they are recessive or dominant 

Lfthals and Subletkai^ in DoIiIEstic Animals 
Horses 

Atresia cob— closure of intestine R 

Abnormal sex ratio— 55 males 90 females Sex linked R 

Lethal white— low fertility— lethal or slenbty factors or both ? 

Stiff forelegs Probably R 


Cattle 


Achondroplasia-(Bulldog) short legs and head, henna, die and 
aborted fourth month 

Achondroplasia— (Bulldog) short head cleft palate deformed jaws 
die soon 


Acrotenasis congenita— amputated— appendages short or absent 
Agnathia-very short lower jaw (sex limited to male?) 
Ankylosis-ossification of joints 
Congemtal dropsy-water in tissues and cavities 
Congenital ichthyosis-scaly, cracked skin 
Epithebogenesis imperfectx-imperfert skin, partly hairless- 
septicemia 
Fetal resorption 


Hernia cerebn-failure of frontal bones to fuse 
Impaeted molars-short jaw, defective teeth-die within week 
I^raess in hmd bmbs-oalves unable to stand 
Muscle wntracture-head and legs drawn up-jomts stdf 

mini toUon short, stiff neck, prominent jomts— usually die 
eight month fetus 


SlK)rt bmbs-hmhs short, hoofs undeveloped 
Sh^ spme-nl« and vertebrae fused, back bent down 
dutinguished until one year of age 
RUndness-small eyes and cataracts 
Cross e>e-deleclable at six months to one year 


D 

R 

R 

R 

R 

R 

R 

R 

? 

? 

? 
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Notched fears— ears are very short Semi D 

Syndactalism— only one toe on one of four affected feet R 

Flexed pastern— feet turned back R 

Sheep 

Amputated— no claws on feet ? 

Earless and cleft palate R 

Lethal gray— in Turkanas and Karakuls R 

Muscle contracture— usually stillborn , R 

Paralysis— hind parts paralyzed-live few days R 

Skeletal defects— large head, short upper jaw, rigid fetlocks R 

Stoine 

Atresia ani— closed colon ? 

Gatlin mark— parietal or frontal bones not fused R 

Cleft palate-young unable to nursec R 

Excessive fatness— young die at 40 to 80 kg. . R 

Fetal mortality . R 

Hydrocephalus— water outside brain in subachnoid spaces R 

Hypotrichosis— hairless (lack of iodine) ? 

Legless— (Shoulder blades and pelvic bones but not limb buds or leg 
bones ) ' R 

Lobed ear— usually also cleft palate and deformed’ hind legs 

Probably R 

Muscle contracture— thick, stiff legs R 

Paralysis— hind parts paralyzed R 


Linkage, We have seen in the foregoing descriptions of inherit- 
ance that several types of behavior exist in regard to the manner in 
which cliaracters are passed from generation to generation. Gen- 
erally, we have seen that characters are dependent on one pair of 
genes. These genes sometimes come from the sex chromosome and 
sometimes from the autosomes. Several cases of dominant and reces- 
sive lethals have been mentioned. Still another type of manifestation 
appeared in which tuo or more genes showed their effect in a 
multiple series. 

Further summaiy’ reveals that sometimes two pairs of genes act 
together to gtve one result, and again we saw- examples of lack of 
dominance, as in the roan Shorthorn In several of these types of 
inheritance the 3:1 or the 9:3:3:1 ratio had exceptions. 



296 Arttfwinl hi^cmmatioti of J arm Atuma!’: 


In 1910 nnollicr peculiar exception to McndcHari inlicritancc xms 
desenUed by Morgan (19M) \xho il that tune nt Colurnbn 
Uni\crsit> Tlic new exception wax called linkage It Ins l)ccn ex 
plained lint catli cbromosonie coiiMsts of linndrc*dx of gtius sitinted 
in linear order Dr Morgan apd Ins co worVers pul forth the theory 
that when two gents art close togrtlier in i chroniosomt there is a 
tendency for soini of them to piss from gcncrilion to generation 
together and for their end results to Ik. inherited together Most farm 
animals have a lirgc miinlicr of cliroiiiosomcs and two gents sc 
lecled at random are hkcK to come from sepante chromosomes and 
act independently If we t iVc some clnritler hhc size, silted or 
production it is affected Ii\ sextril pairs of genes and there is a 
strong possihihly tint some Inihage exists among certain of them 
Because of a tendencx, how ever for cert un sections of chromosomes 
to cross oxer to others during dixision tlic Iicncfil of linkage is 
equally offset and a hreedtr cannot get the effect of one gene hy 
selecting another close to it 


Mulalwm MuHlioni arc clicniical rcami.gcnicnls of the imtcnal 
0 w lie 1 genes arc made The rtiull of a mutation m a gene is e\i 
tlenccd bj a thange in tlic inlicntancc normalK caiistd lit that 
gene Itma>bchaitasadominantorarcccssi\c Mutations arc rare 
^urnngperhapsonccincsers 100 000 eell generations Wedonot 
taow much almut the causes of mutations The first mutation caer 

best !' T "'r"' “ ''"’'>"8 f->™ 

tin r of ''oms in cer 

ofrc h"’'";‘'rn ^^Snmed Thes arc rarelv 

We to imnm •> ‘'^der can neacr 

Wo foZ2 as? r ""‘''"S “ Should he eaer 

to eslabhsh It in a hm'iir'" P™'’'cm 


raMTics AM> BEirin uaramiA nnuniNc 

.otZLZfamn::r:sZ:rz\:;^^^^ 

lea fiocU and Terek "‘"'V ‘^"Mence m tumg to improse 

le-on contradicted or d,sZTd'TlTl',r!ri """ T' 

I lilt Ijrcctlcr must recognize *Int 
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most of the punciples are geneial and must be applied m a genera] 
way They aie gi\ en only as a guide, and they do sei ve to explain why 
things happen as they do m the mating of oin vaiious types of 
livestock 

Variation as a Toni, Pei haps the previous statement of how inliei- 
itance woiks will seise to explain why no two calves, no two 
chickens, pigs, hoises, or even humans, are just exactly alike It is 
very well said that sanation is both the hope and the despan of the 
breedei Because cosvs vary in size, coloi, milk production, fat per- 
centage, and longevity, theie is alsvays the opportunity for mipiove- 
ment If sve take a census of all livestock, sve recognize that variation 
IS really almost unlimited We find, for example, that the milk of the 
Holstein cosv aveiages, for the bleed approximately 3 7 per cent 
butteifat, blit the vari.ition extends all the svay from belosv 3 jier 
cent to above 4 5 pei cent The New Jersey Holstein Breeding Expeii- 
ment has been des eloped since 1932 around a selected group of 30 
females, all of svhich tested fiom 38 to 4 4 per cent Since then 
seveial scores of cosvs descended fiom the original group as a lesult 
of matings svitli sires of known Iiigli butteifat inheritance The aver- 
age of all these cosvs is 4 0 per cent of biitterfat, and the milk pro- 
dviction of the present gioup is above that of the foundation animals 

Variation is a tool then for the improvement of livestock It pro- 
vides the bleeder ss itli the genes to fashion higher production, better 
udders, stronger legs, or stiaightcr rumps The alert breeder is 
alsvays looking for the exception in hope that it may give linn the 
desirable change that ss ill be of economic importance to the live- 
stock indiistr)’ lie does not cieatc anything nesv He merely recog- 
nizes ness combinations of factois and attempts to hold them by 
certain matings He discos ers animals ssith an inheritance that he 
does not ssaiit, and he discaids them lie puts together svhat he likes 
ss ith the hope tint he can hi ced future progeny ss itli the good points 
of the selected parents 

Con/rol/ing Inheritance. Thcic are only a fess practices that a 
breeder cm use to clniige the inherent makeup of his Iisestock He 
can decide sshicli ones ssill be allosscd to become parents and sshich 
ones he ssill discaid \lso he has Ins choice ssitli those he selects as 
to sslicthcr he ssill breed together those sslneli arc .dike or those 
sshich ,iro unlike In brief, he can breed likes to hold ecrt.iiii char- 
acteristics, or he can male nnhkes ssith the hope of eh iiignig ccrlaiii 
eh incteristics 




figvrt 70. Marfu Milady end htf daughter MaHu Mltsdy't Feihien, of Meritf Forrn, 
Imeroh. N*w J*f«y. Morlu Milady hot e roeofd ©< 25.293 lb». of milk end 1^10 
tbi of butterfat. 


The rapidity with which changes are brouglit about depends upon 
the frequency of the gene which influences the change in the new 
Mmbination. For example, if we were selecting against a red factor 
in Holsteins or Angus, our success would depend on the frequency 
of the gene for red among the animaU selected to be parents. 

In selecting animals for breed changes, the breeder considers not 
only how their superior characteristics outweigh the inferior traits 
but also how the animals selected compare with other animals as-ail- 
a^ble to him. Practically spealjing. the breeder selects his animals for 
breed improvement on the basis of net merit. The rate at which a 
breeder can change his herd or flock depends upon how’ far he can 
^md to go in discarding the undesirable animals. The difference be- 

avJaeeo^r”? >'<='•'1 

enrial ^ *■= selection differ- 

un Eoals "'“'^’=<=s the breeder should set 

of ‘"dividual merit. 

a breeder IS mnV improvement 

mg in his animals, there are various analyses that 
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should be made regularly. Many "colleges of agriculture are now 
making available to breeders a herd analysis service for production. 
Charts are so organized as to permit an examination of cow families, 
or the descendants of certain cows- through three or more genera- 
tions. The daughters and granddaughters -of an individual cow are 
compared to their half sisters by the same sire. A comparison on this 
basis gives a breeder the opportunity to select certain of his su- 
perior female lines for concentrated breeding, and to discard those 
that do not measure up. This type of analysis' may include birth 
weight, growth weight, height, heart girth, and health, also concep- 
tion rate, calf mortality, and longevity. It can be used for all classes 
or breeds of livestock and should be a part of the annual inventory 
to determine what variations for good or bad are taking place. It ' 
reveals the weaknesses that exist in the herd or flock and immediately 
gives the breeder an idea of what he must keep in mind in selecting 
future males for mating. 

Type classification reveals strong and weak points of Conforma- 
tion. Through herd classification, the breeder has an opportunity 
right on his own farm to rate his own cattle with the ideal type and 
to compare them with the average of the breed. Classification per- 
mits the breeder to recognize animals of superior type and to elimi- 
nate those that are less desirable. 

C1.ASSIFICAT10N Standards ' 

A. Excellent. Animals must be scored according to the oIBcial scale of 
points and found to score 90 points or more before being officially 
designated Excellent. 

B. Very. Good. Animals which in the opinion of the judge would score 
approximately 85 and less than 90. 

C. Good Plus. Animals which in the opinion of the judge would score 
approximately 80 and less than 85. 

D. Good. Anim.ils which in the opinion of the judge would score 75 and 
less than 80. 

E. Fair. Animals which in the opinion of the judge would score approxi- 
mately 70 and less than 75. 

F. Poor. Animals which in the opinion of the judge would score less than 
70. 

“ Score cards for ail forms of lisestock may tie secured from the Dreed As- 
s'oci.xtion Ofliccs. 
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Using t]ie above slincHrcl HoUltin cows arc classified on the basis of 


1 Detailed classification 

2 General appearance 

3 Dairy character 

4 Body capacity 


5 Mammary system 

6 Fore udder 

7 Re ir udder 

8 Feet and legs 
9 Rump 


Dl FIMTIOSS * 

Chromosome One of the rod like or rounded bodies into which the 
chromatin of a nucleus is resolved at the time of cell division The 
cellular elements regarded is the earners of hereditary characterfs 
tics 

Unit characters Any characters of any organism that behave as a unit 
m inheritance— plant size in peas lioms in cattle and so on 
Genes The units of inheritance that probably react together and with 
the cytoplasm and these two with the environment to make patent 
the organisms latent potentialities 

Allele Mendehan characters are inherited in alternative pairs (or senes) 
These alternative forms of a gene which arc located at the same 
point on each one of a pair of chromosomes ar6 called alleles for 
example horns (recessive) hornlessncss (dominant) 

Dominant A character possessed by one of the parents of a hybrid, which 
is manifested in the hybrid to the apparent exclusion of the con 
IT other parent (the recessive) 

y n t individual that arises from crossing parents which are pure 
tor certain different characteristics 

Phenotype The espresstd tlnraclcr (or sum of all the characters) of an 
organism ' 

nlTeloZ Z!"! “ d'-'^nnnccl by .ts germ plasm 

?n .t ee T"'™ have contrLted 

SedXr,cT g'ven allehc pa.r govermng con 

cells with respcc't lo“"he”hlractcr‘“(H S''™ 

Gamete A reproductive cell of eiftlr adjective ) 

HeretUty The resemblance derivi^ ^^11,0 T"? 

related by descent ™ ' ” ancestry among organisms 

of the same's°pTOiK or va™“ ''"'“"g individuals 

• DeEnitions taken from R,ee 1951 
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Systems of Breeding 


JOHN W BARTLETT 


A s>’stem of breeding is m reality a method of controlbng inherit- 
ance If a system fails, we may say that it is not the fault of the sys- 
tem but of our selection of animals with a poor inheritance Im- 
provement m livestock is under our control only insofar as we are 
able to detect, and to raise progeny only from livestock which carry, 
those characters we want Rice says in Breeding and Improvement of 
Farm Animals that every breed has a certain number of good genes 
and a certain number of bad ones An individual breeder, then, can 
hope for progress only when he can increase the frequency of 
the desirable ones or can look for recombinations into favorable 
groupmgs 

There are four principles that every breeder must learn early if 
his work IS to be a success He must have an idea of what he wants 
to accomplish and adhere stnctly to it He must have a clear idea of 
the history of the animals with which he is gomg to work and must 
recognize their strong and weak pomts He must know how far he 
may go in creating yanations and still get back to his ongmal goal 
He must keep m inind that to be successful his program should be 
economically sound * 

''“Snize that his own animals have a 
selertiT u Even within his own herd or flock, 

lection may be able to give him many of the results which would 
302 
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improve his average. Most breeders, however, attempt to mak^ 
changes in their herds and flocks by the introduction of males from 
other breeders. In the Holstein breed the range of butterfat per' 
centage has been shown to be over 1 per cent without any apparent 
change occurring in milk production. Certainly those animals m the 
high brackets afford an opportunity for seleotion. Not many years 
ago the average hog was short-legged and deep-bodied. It was a 
so-called lard type. Today we have completely changed the accepted 
type of hog to a longer-legged, strong-backed animal of the bacon 
type, with extfa large hams of greatly increased commercial value. 
All this was done by systems of breeding and intelligent selection. 


HOW CAN A BREEDEn CHANGE HIS ANIMALS? 

All who knew him will agree that James E. Dodge" was a master 
breeder of horses, cattle, and hogs. He once said that if a man could 
see the faults in his animals, it was an easy matter to change them. 
If the faults can be seen, he has the power to determine which ani- 
mals shall have progeny and which ones shall be discarded. This is 
-selection and was used by breeders long before we knew anything 
about the laws of inheritance. There are several methods of selection, 
and few breeders agree on what is the correct one. When we analyze 
the various methods, it is clear that selection is based on individual 
merit, pedigree, progeny, or a combination of aii three Many breed- 
ers cannot explain their successes but intuitively have mated their 
animals on the basis of similarity or difference, whether in individ- 
uality, progeny, or pedigree. In brief, then, we like to perpetuate de- 
sirable characteristics, or we mate unlikes to change an undesirable 
characteristie to a more favorable one. If our animals are related, 
we practice some degree of close breeding: the more closely related, 
the greater the intensity. If no blood relationship e.xists in our mat- 
ings, we are practicing outbreeding. 

As an illustration, there was a fad only a few years ago for white 
Holsteins, and breeders always bred light to light to maintain this 
fad.-On the other hand, Carstons Bridesmaid, a very beautiful Ayr- 
shire cow, was imported to this country from Scotland principally 
to produce a son svliose daughters might have the perfect udder of 

• Manager of Emmadinc Guernsey Farm, Hopessell Junclion, New York. 
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their paternal grandam A straight-legged sire is often selected \nth 
the hope of correcting an inherited weakness in the legs of the daugh 
ters of another sire 


Grading is the practice of using purebred sires on native or inferior 
females The system began after it had been demonstrated that 
sires \\ ith a long line of pure breeding and selection \v ould improv e 
milk production, wool length, or other qualities when mated to low 
grade females It has recently been shown in the Holstein Breeding 
Experiment at the New Jersev Experiment Station that sires with 
a fe\% generations of inbreeding for high butterfat percentage sur- 
pass outbred sires from a high testing dam in passing on the high 
butterfat test factor when mated to grade cows or unrelated pure 
breds 

The first generation resulting from crossing highly inbred, selected 
sires on inferior females usually results m a \er\ noticeable change 
for the better The result is that the progeny carry 50 per cent of the 
blood of the better sires Tbe following generations will show less 
improvement as their genetic makeup becomes more and more like 
the superior purebred parent, and the percentage of change m each 
generation becomes less and less As an example, the second gen- 
eration cames 75 per cent pure blood the third 87 5 per cent, and 
so on until, after h\e or six lop crosses, the amount of pure blood 
approaches 100 per cent On this basis the ongmal cow’s influence 
becomes less and less, but to a smaller degree in each generation 
For i^hose dairvmen who subscribe to the plan of breeding to superior 
proved sires m artificial breeding associations, this will be particu- 
larly true, and the more highU improved their cows may be, the less 
rapid will be the change for higher production as compared with a 
neighlxir who may hav e a low producing herd One of the principal 
tunctions of an artificial breeding organization is to furnish the com- 
mOTial famer «ilh supenor seed stock The commercial producer 

wh 'r! 1 "P " “ sopenor dose of good inheritance upon 

h eh he can depend to improse his animals The cost of such a 
-iffn fTT ^ nnite loss to the individual ssho cannot 

r^l f purebreds has long 

memonoiis sires®'" 
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CROSSBREEDING 

Crossbreeding is the mating of purebred anirhals belonging to 
different breeds. It has been done in the past few years by crossing 
the high milking breeds of dairy cattle with the high butterfat test- 
ing in an attempt to get both high production and high butterfat 
content. 

It has been more generally used in the past with meat animals, 
because it usually brings about an increase in size and vigor. Cross- 
breeding, as tlie term implies, brings together animals of different 
genetic makeup and results in many kinds of variations. Generally, 
it is unwise to breed the crossbreds to eitlier parent purebred strain, 
because immediately the recessive characters "appear. Some of the 
unfavorable ones of each, parental strain might appear in the suc- 
ceeding generation. Robertson (1949), the English geneticist,' has 
shown that in one recent experiment with dairy cattle, crossbreed- 
ing seems to have had a heterosis effect of 15 to 25 per cent when the 
production of purebieds and crossbreds from the same dams were 
compared. Therefore it can be said that crossbreeding has its "ad- 
vantages as well as disadvantages. 

During the past twenty-five years a number of crossbreeding ex- 
periments have been conducted. At the Maryland Experiment Sta^ 
tion it was shown in 1941 that crossbred Plymouth Rock poultry from 
the same sires were superior to the purebreds in feed utilization in 
the production of broilers. 

Crossbreeding between different breeds of swine has long shown 
some advantages. At the Illinois Station a double litter of pigs from 
a purebred Duroc boar and a purebred Poland China boar on a 
Duroc sow contained six Duioc Jerseys and four crossbreds, which 
were spotted red and black. Tlic birth weight of the purebreds was 
3.23 lb., and the cross breds averaged 3.75 lb. The females were 
weighed at six months of age after-being raised under identical con- 
ditions. Two remaining purebred females averaged 185.5 lb. each, 
and the female crossbreds weighed 228 lb. This is a striking example 
of the advantage of cross breeding. 

On several occasions grand champion steers at the International 
Livestock Show ha\ e been crosses between Hcrefords an’d Angus or 
Shorthorns. Toggenburg goats crossed with Nubians appear to make 
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supenor milk producers, and their lads have a decided advantage 
as meat Sheep breeders have for a long time practiced crossbreed 
mg Hampshire Down rams on Kerry Hill ewes have been 
cessful m giving thicL'.et, v ell fleshed, and hardy lambs Suffolk 
rams have been in great demand in England for outcrossing wit 
ewes of other breeds to produce fat Iambs which put on wei^t 
rapidly E\er>one kno\ss of the sturdy, tough qualities of the mule 
Crossbreeding in dair) cattle has been rather limited because dairy 
co\% s, to be profitable, should be kept in production for se\ eral y ears 
The second cross of a crossbred cames 75 per cent of one parent, 
therefore the resulting animal ishkclv to show more of the qualities 
of one breed than the other, sometimes to a decided disadvantage 
In commercial herds some dairymen use a Brown Svvass sue as a 
top cross, and the resulting calves command a premium price in the 
veal market In some artificial breeding organizations, a beef bull 
IS used on commercial herds for the same purpose With the use of 
the Angus sire upon dairy first-calf heifers, the progeny are often 
smaller at birth than when a dairy bull is used 
It may be concluded that crossbreeding is a successful program 
m producing meat animals of supenor quahty It should be used only 
one generation Therefore it is necessary to carry purebred sires of 
two breeds m order to have parent stock. The artificial breeding 
program takes care of this and offers sires of known supenonty for 
crossbreeding opportunities 


Outcrossing is the mating of animals of the same breed but w^th 
no relationship for at least the first five generations- An outcross is 
often called a cold blood cross It is iisuallv the use of a male on a 
closely bred group of females or on a single female to introduce some 
Uesirahle inheritance or to overcome some factor which seems to 
have developed m a closely bred family An outcross is sometimes 
ust to continue or retain a heterozygous type, where close breeding 
w-ou I undesirable factors For dns reason some breeders 

prefer to follow one good bill w.ih another not very closely related 
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CLOSE BREEDING 

Close breeding means the mating of relatives within a family. 

The mating of animals which have' a common ancestor in the first 
four or five generations is generally classed as close breeding. For 
the purpose of this chapter, close breeding will he divided into two 
categories, namely, inbreeding and line breeding. Inbreeding in- 
cludes matings of full brother and sister, father to daughter, and 
mother to son. Line breeding includes half brother and sister, first 
cousins, and other animals more distantly related but with a common 
ancestor. 

Close breeding is a means-of purification of stock, for it brings 
to light weaknesses which may remain hidden for generations. In 
brief, if we may appreciate its possibilities, it becomes a tool for 
ridding a family of certain undesirable characteristics and of puri- 
fying it for those we would favor. It does not create anytlring new, 
but with selection it permits pairs of recessive genes to become- fixed. 
Helen Dean King-of Philadelphia has probably done more to illus- 
trate the possibilities of close breeding than any other breeder. She 
selected a pair of large white rats. From the offspring of this pair 
she selected a full brother and sister with one thought in mind, to 
maintain size and vigor. For seven generations she closebred and 
selected tlie improved individuals until she had apparently secured 
a pure inheritance. So she has continued to breed this family for 80 
generations without any bad results. If breeders may take a lesson 
from Dr. King, it does not seem impossible to develop superior strains 
of domestic animals by close breeding. 

The great role of inbreeding should be the elimination of the 
bad traits and the doubling up on the good ones. It should be ob- 
vious that if closebred animals become so weak that they cannot 
live, it is well to rid the breed of them. 


iNcnossiNC on line crossing 

The development and crossing of inbred lines is somewhat of a 
new philosophy in livestock breeding. Ejeperiments witli plants 
(hybrid com) and swine have resulted in progeny superior to the 
better parent. At the California E-xperiment Station it was demon- 
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strated that crossing an inbred sire on unrelated inbred females re- 
sulted m heterosis with dairy cattle as well as \vith hogs Results 
obtained among dairymen m that state in the use of inbred dairy 
sires from different lines on closeh bred females indicate a practical 
\ alue from this s> stem of breeding 


IS lN*BREEmNr 


A SAFE METHOD? 


If we reall) understand inbreeding, we quickly recognize that 
both good and harm mav come from its practices Inbreeding does 
not create, neither does it destroy All that any breeding sjstem 
does IS to recombine the inheritance factors or genes that already 
have been inherited from a pre\ions generation into recombinations 
which will be e\hibited by the new generation Each present indi 
\idual IS mereh a progenitor carrying in himself or herself the 
combination receiv eJ from the two immediate parents If we have a 
preponderance of good factors in our stock to begin with, then m 
breeding and selection will improve the future generations The 
writer knows several breeders who breed the first few daughters of 
a sire back to him in order to find out if bis genetic makeup is good 
or bad 

At the Uiiu ersitv of Califoran. Mead, Gregory, and Regan (1949) 
report a lethal which has appeared in a herd of inbred Jerseys The 
sublelhal type of achrondoplasia differed from the Telmark type m 
that It was a milder and more variable manifestation The examma 
tion of the pedigrees of 11 affected animals showed the defect to be 
inherited as a simple autosomal recessiv e 

The appearance of this leflnl might hare remained unnoticed 
tiact inbreeding not been practiced It «as not the inbreeding that 
caused the lethal but inbreeding u is a method which rer ealed that 
It existed in tins fanul> of Jerseys 

Winters and associates at the Uimersitv of Minnesota hare re 
tliree^it™f lb f 'Mensi, e inbreeding rvorh with hogs The 

an inbred 1 ^ the most attention in the derelopment of 

wTh ' “ d.e rate of gam from rvean.ng 

effi'clent of mhreel o'? '^'‘Penment raised the co 

ami detenorahn ° ^ ^"d showed that the poor performance 

n generalK assumed to accompany the inbreeding 
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of an Fi generation did not occur. Also, this experiment points the 
way to a new method of animal improvement. 

It has been shown in tire New Jersey Holstein breeding studies 
that lethals and deformities will appear in some families and that 
production and size will go down in otlrers. In other families good 
resrdts were attained. Inbreeding, plus rigid selection, was success- 
ful. But it is perhaps safer to line breed to some outstanding female 
or male than to take the risk of inbreeding. 

In the breeding of poultry it is reported by Jirll (1952) that many 
recessive genes are less desrrable than dominant ones, and inbreed- 
ing concentrates these trrrdesirable recessives which have been 
hidden by the desirable domrnants. “Inbreeding may be practiced 
to some extent wrth rigidly selected stock, and in this way tire un- 
desirable characters can be elirnrnated. 



figvtp 71. Five generations of inbreeding to Beef Shorthorns Pedigree of the entire 
young herd late in 1932, complete bock to the time of Sultan's Banner, ond with 
coefncients of retolionship (r) based on the ancestors alive In or near 1900. Each 
onlmol is shown but once If it hos more then one son or daughter, an additional 
orrow indicates that Selection had not yet hod much opportunity to thin out the 
young herd, but with shot Inevitoble culling, tnony of the lines from Bonner will 
hove disappeared In the herd ten or fifteen yeors later, even though the present 
plan wos continued. Bonner moy not oppeor much more Importonf then Bonner 
View or Bonner's lost In ony cose, he Is not opt to be more Importont thon those 
Two combined (lush, 193«f) 
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Line breeding eliminates the dinger of mating full sisters to full 
brotliers, \\liicli might bring out undesirable characters Line breed 
mg requires the purchise of one good mile and rigid selection of 
hens for breeding stock ” 

He sa>s crossbred stock ina\ be supenor m man> %\a\s because 
of h)bnd Mgor The progem of crossbred stock are of less ^alue 
for breeding thin the parents, therefore it would be necessary to 
maintain tu o strains of purebred stock for crossbreeding— a handicap 
for the a\ erage breeder ” 

Lush (1934) his reported a herd of Beef Shorthorns bred for 
20 years \Mthout neu blood being introduced A composite pedigree 
of this herd is shown m Figure 71 


ProbabU one of the greatest demonstrations in breeding has been 
that of the development of the Glenbumie family of Guernseys by 
James E Russell (1936) From 1906, when he purchased King 
Masher 110S4 until his dea^ he practiced bne breeding and some 
inbreeding in three strains of foundation animals His greatest bull 
cost 575 and he never paid a high price for am male ot female 
From this herd however, has* come foundation stock for a great 
many new breeders Sales have shovvin that the public has con- 
fidence in a long line of breeding To quote Dr Russell in 1936 “I 
can say unqualified!) tint there has been no loss of constitution and 
Mashers daugliters ranged in weight from 1,150 to 
of Dunvvalke Lad 113342 
match^ them pound for pound I note that tvpe improv es w ith each 
generation of inbreeding „itl, some loss in size In productivits my 
of tbe ^ I'a\e increased the a\ erage production 

Glenbumie Glenbur^ie cosss is 

ofbntteTt^s of milk and 644 9 Ib 

■ng and selech™ “( “"wreVdT 

a famiU of Hobt'eraJlXrh alT attempt to breed 

agebutterfattestsof 3 Sto 4 Females Mith aver- 

for high test Progem of these 
daughters saied L further eW 'll®' 

that the fat tests ha\e m breeding Conclusions indicate 

e increased Ivncc as fast by close breedmg as 



Systems of Breeding 311 



“figure 72. Glenburnie Golden ct four years of oge, a product of thirty yeors of 
* constructive breeding in the Guernsey herd of Dr. Jomes E. Russel), Lawrencevllle, 
Nevr Jersey, 


by mating high-testing cattle without attention to family relation- 
ships. 

The Cocj^cicut of Inbreedings In the selection of sires to be used 
in artificial breeding it may become impoitant to ascertain some 
quantitative measuie of compaiative matings. For this purpose a 
formula known as Wright's Coefficient of Inbreeding may be 
adopted. It is written as follows: 

This formula can be explained upon the appearance of common 
ancestors in the pedigree of both the sire and dam of an inbred or 
closebred animal. If we may call a common ancestor A, then the 
number of generations from sire n and dam n' are added together and 
increased by one (the animal in question is one generation from its 
parents), and this ^alue is used as the exponent of one-half, one-half 
being the possible contribution of each parent. If tire common ances- 
tor A is inbred, his coefficient of inbreeding fa is determined by the 
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Table X\aU 


' Individual 

Common 
ancestoTS 
of sire 
atui dam 

fa n n' 

+ n' + 

A 

H 

0 2 I 

0.0625 


. G 

0 1 1 

0.1250 

Coefficient of Inbreeding 

= 0. 1875 



Table XIX 


Common 
ancestors 
of sire 

Individual and dam 


n 

n* 

Hn -{-n' d" I 11 +/ 0 ! 

■ Y A 

1875 

0 

1 

= .23 X 1.875 = .20685 

E 

0 

1 

1 

.1250 

G 

0 

2 

2 

.0312 

li 

0 

2 

2 

.0156 


CoelGcientof InbreetlinR = 0;4GS7. 


Wright also says that wlien we inbreed, we reduce the percentage 
of heterozygosis. If we recognize that each parent may transmit 
50 per cent to its offspring, then we may find the percentage of 
likeness or homozygosis by the following etpialion; 

Homozygosis = 50(1 + /„) 

Thus, assuming 50 per cent of homozygosis from the parents from 
which X came, we liavc 50(1 + .125) or .56.25 pc- cent; similarly, 
for Y we ha\'e 50(1 + .4687) or 73.4 per eenthomozygosis. 


ANIMAL imiJVTIfLNSHias 

The tenn "family characteristics" is- not an uncommon term. 
Breeders are often heard to remark alimit Irlood relationship of their 
animals and to measure it in terms of per cent. Relationship hetss een 
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two animaU is cither direct or collateral To be in direct relationship 
one must he the ancestor of the other Collateral relation-^hip of two 
animals exists when they have a common ancestor Direct and col 
lateral relationship may exist in the same pedigree if inbreeding has 
taVen place in the line of descent By blood' is meant inheritance 
gencrall) Tlic term is not actually transmitted, for there is no trans- 
mission of blood from parent to offspring Table XX shows an ex- 


I’atcrn il 

jCmtulMit* 

2'i% 


Imlivulual 

100 % 


'Sire 50% 


lDim50% 


'12H% 


•12H% 


CJ4% 


CK% 


I0K% 


1 12H% 


Matcnul jl2H% 

I Grand irc| 

1 12H% 
I Maternal jl2H% 
I Grand im ] 

25% 1 \2ii% 


l0K% 


[3y,% 

\3H% 

]3H% 

13H% 

j3M% 

t3J<% 

|3K% 

13H% 


ample of direct rclationsliip arranged in the form of a pedigree 
^ may receive 50 per cent of his genes from 

parent ^ per cent from grandparent, 12 5 per cent from the next 
g^era ion and so on back, the percentage l>cmg halved with each 
Srt M r" pedigree On account of the 

not fendchan inheritance, these percentages need 

wecctlnrV '^’^^^diate jiarent After 

l iTJl trr 'Yu generations, it seJms practical 

the present ppn!l ^ ancestors have contributed anything to 
ceslorsha\econtn? '* « true that where some an 

Table X\I shout" ii "^“^t ha\e contributed more 

famous hull used in tW pedigree of the 

Breeding Experiment-N J E S 
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■ Table XXI* 

' Ormsby Sensation 
274543 

Shady Maple King 
Pontiac Hockster 
219580 

' Sir Mutual Scotia 
170G31 

Isa Scotia Beets 
315248 

Ormsby Sensation 
274343 

Shady Maple King 
Pontiac Hockster 
2195S0 

Ormsby Sensation 
45th 442551 

I Clothilde Maid 
[Ormsby Bess 

• From Rice, 1951. 

Sir Mutual Ormsby Jewel Alice. This bull carries 62.5 per cent of 
the blood of Ormsby Sensation 45th, getting 25 per cent from the 
latter’s appearance in the second generation of the pedigree and 
125 cent from his appearance in the third gjaneraUanv It we 
examine the percentage of Ormsby Sensation blood in the two 
parents, we find Newmont Ormsby Jewel Alice carries 75 per cent 
and Newmont Mutual Ormsby Lad 50 per cent. Averaging the two, 
we get 62.5 per cent as the amount carried by N.J.E S. Sir Mutual 
Ormsby Jewel Alice. 

If we wish to find the relationship behveen the parents of an 
animal with a common ancestor, we measure the sum of all the pos- 
sible paths by which duplication of gene effects in the common 
ancestor may have reached those parents. If we call one parent x 
and the other [/, and recognize that there is an equal chance that 
contribution of each path is equal to (14 n is the number of 
generations from x back to the common ancestor and n' is the number 
of generations from y back to the common ancestor. 

The sire and dam of N.J.E.S. Sir Mutual Ormsby Jewel Alice are 
collaterally related, that is, have a common ancestor, and the bull 
is closebred. Ormsby Sensation 45th may have transmitted some 


Name 

N.J.E,S. Sir 
Mutual Ormsby 
Jewel Alice 
#654594 
Born: 

Dec. 1, 1931 


Newmont Mutual 
Om^by Lad 
493889 


Newmont Oimsby 
Jewel Alice 
1239022 


Onfasby Sensation 
45th 442551 


Newmont Mutual 
Scotia 575310 


Oimsby Sensation 
45th 442551 


Newmont Ormsby 
Jewel 1094461 ' 
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characteristics through three different descendants to his double 
grandson. 

To find the relationship of the sire and dam of “Alice,” we must 
follow the lines to Ormsby Sensation 45th and count the generations 
involved according to the relationship formula: 

From Sire to Ormsby Sen«;ation 45th = 1 
From Dam to Orm'bj' Sensation 45th = 1 = 25% 

From Sire to Ormsby Sensation 45th = 1 
From Dam through Maternal Gran- 
dam*: to Ormsby Sensation 45th = 2 = H’ = 12.5% 

37.5% 

This shows that the parents of “Alice” are 375 per cent related 
(small correction needed for inbreeding involved). 

It wll be seen that in direct relationship, blood percentage does 
express relationship; but when there is a common ancestor, it is a 
mistake to speak of blood percentage. The “Alice” bull is 62.5 per 
cent of Ormsby ScnsaUon 45lh. However, the sire which (^nies 50 
per «nt of Oimsby Sensation 43th and the dam 75 per cent bear a 
relationship of only 375 per cent to eacji other. 


BREEDLNC ^tFTHODS COMPARED 

attention to Table XXII. which is taken 
DfcW ■ “ T n of Maine (Hall and 

a Pea Ce-. 

ftj. (ft ) 


Ojtcfowbg 37^ 

lebrtedms 114 1 “ + 2 t 

•a—a 414 


Total or A\ 


C25 


t sa 4 


+32 
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SUMMARY 

This chapter has shown that there are several methods of mating 
animals to secure improvement. Grading up a herd of flock through 
sires used in artificial insemination units holds great promise for 
the beginner and for the commercial producer. It offers a more 
economical method than owning his own sire. Crossbreeding seems 
to offer desirable results in the production of meat and wool. 

Close breeding does not create any new genes, but through re- 
combinations of good ones the breeder may concentrate desirable 
factors in his animals. Inbreeding produces good or bad results in a 
herd or flock, depending upon the hidden factors which exist in 
animals which have common ancestors. 

■ Inbreeding can be successful only if we start with animals of 
the proper inheritance and practice rigid selection. 

Only those breeders who have large herds or flocks and animals 
of above average quality should attempt inbreeding. Line breeding 
is safe and is recommended. 

Finally, breed improvement requiies skill, patience, and a fond- 
ness for animals. 
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Selection for Animal 
- Improvement 


JOHN \V. BARTLETT 


Better livestock and moie economical production can be obtained 
chiefly by selecting the right kind of sire. We have often heard the 
saying that "the sire is ‘half the herd ” This is all too true when he 
turns out to be a poor one. Many livestock owners have been nearly 
ruined by sires whose daughters produced much less than their dams. 
We shoii)^ recognize ihat the sire has as much inBuence on the 
future females in the herd or flock as all the females to which he is 
bred. It has been mentioned in previous chapters that artificial in- 
semination permits the use of superior sires of known inheritance 
at a cost within the reach of any breeder. 

The problem in sire selection is to get one whose inheritance is 
better than that of the top half of the herd or flock in which he is 
to be used. Even when the best judgment is used, sires will cross 
much better in some herds than in others. As a result of using proved 
sires for several generations, the United States Department of Agri- 
culture Bureau of Dairying has very materially increased produc- 
tion in the Beltsville and substation herds. Experience indicates that 
best results are obtained when there is some similarity of blood lines 
in the sire and the females with which he is mated. 


319 




318 Artificial Inseminaiton of Farm Animals 

Robeftsdn, A ‘ Crossbreeding Experiments with Dairy Cattle ” Anm Breeding 
Abs. XVII (1949). 201-208 

Russell, J E ‘Thirty Years After" Guernsey Breeders Jour , L (1936), SOS- 
331. 343 

Woodward, T E , and E R. Craves ‘'Some Results of Inbreeding Grade 
Guernsey and Grade Holstein Fnesian Cattle " I/. S Dept Agr. Tech B«d 
339 (1933) 



CHAPTER 

16 


Selection for Animal 
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JOHN W. BARTLETT 

\ 

Better livestock and moie economical production can be obtained 
chiefly by selecting the right kind of sire. We have often heard the 
saying that "the sire is 'half the herd.” This is all too true when he 
turns out to be a poor one. Many livestock owners have been nearly 
ruined by sires whose daughters produced much less than their dams. 
We should recognize that the sire has as much influence on the 
future females in the herd or flock as all the females to which he is 
bred. It has been mentioned in previous chapters that artificial in- 
semination permits die use of superior sires of known inheritance 
at a cost within the reach of any breeder. 

The problem in sire selection is to get one whose inheritance is 
better than that of the top half of the herd or flock in which he is 
to be used. Even when the best judgment is used, sires will cross 
much better in some herds than in others. As a result of using proved 
sires for several generations, the United States Department of Agri- 
culture Bureau of Dairying has very materially increased produc- 
tion in the Beltsville and substation herds. Experience indicates that 
best results are obtained when there is some similarity of blood lines 
in the sire and die females with which he is mated. 
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SELECTION BY RECORDS OR PEDIGREE 


Selection, as has been shown previously, may be mad^ on the 
basis of individuality, pedigree, or records of daughters It is the au 
thor’s behef that insofar as possible all three should be used Everj 
breeder should keep in mind the faults of his females when choosing 
a sue to mate with them Certa.nly if tliere is a tendency toward 
slopmg rumps, \\eak pasterns, poor shoulders, or unsound parts ot 
any kind the sue should be especially strong m these respects To 
base our choice of a sire on individuality alone is not genetically 
sound What an animal looks like has been shown to be only a part 
of the story His forebears may have been quite different 

After the individuahU of the animal has been given the proper 
consideration its pedigree should be studied very carefully To be 
of my real value a pedigree must be complete wth information on 
the proper accomplishments of all the animals concerned It should 
be noted that sue and dam may have the same genetic influence on 
their offspnng, therefore a pedigree should be balanced One should 
not put considerable emphasis on any one animal and neglect to 
realize that the animal mated to it may also have his or her influence 
Many dairymen in lookmg for a new sue are attracted to a 
flowery type of pedigree m which very httle indication of his future 
performance is given They are often led to pay pnees all out of 
reason, knowing httle of what his real inhentahce is or what such 
a sue may be able to transmit 


Purchasing a future sire that is not already proved is always some 
what of a gamble yet w e must select and prove yoyng bulls Table 
IS an illustration of a pedigree in which tiie purchaser may 
have real confidence Winterthur Zeus Fobes Crescent has two gen 
erahons and more of ancestors that have demonstrated an inherit 
production of milk and butterfat as well as very out 
standing type Recent reports on several daughters of Crescent in 
a.ca.e that he is transmitting very well when mated to females of 
high production and good type 

JL'Z' Undoubtedly the greatest bloch to rapid 

laclcs reeding is created by the breeder himself If he 

Will lirV records of performance of his -immals, he 

will lach mfoimation to guide him m his business 
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Tabu XXIII PentaBEE or Wiimimiint Zevs Fobes Crescent 


■pABST WIKTERTHUR ZEOS 
EX” Gold Mcdsl Sire 9313M 
HIR Proof 

28HTdaua 14990M 397% S95F 
27HTilaus 14,975 393 593 

27HTd&in9 15.639 391 615 


WINTERTHDR ZEUS FOBES 
CRESCENT I024S53 ‘ VG • 
Born October 10 1947 
Breeder Winterthur Farina 
Wilmmston Delaware 


-6M +d>l •-!« 
Sire of ^ 

IVinterthur Zeus Fobes Bislui 
4y3m 2 X365 20.436 3.8 774 
Winterthur Zeus Fobes Csjalo 
‘ 2y7m 2X303 18536 4 0 748 
: A National Record 
j Winterthur Zeus Fobes Ceseqoel 
I SySm 2X36S 19663 4 1 763 
I 2d 00 1953 Honor Ust 


WINTERTHUR FOBES SELECT 
ZAMALO VG' 252349S 
3y4ra 2 X 358 14 618 4 0 596 
4 y 6 m 3 X 305 16 267 4 0 647 
5y8m 2 X 350 27748 4 0 703 
6 y 10 m 2 X 365 15 405 3 9 602 
4 y 10 m CUssiiied 
V\ VV + + +4 + 

A Daushter VG al3y lOio 
2X365 15 672 4 0 629 
Zamalo a full suter 
3y7m 2X3« 23 9’6 38 906 


'WISCONSIN ADMIRAL BURKE LAD 
VG ' Gold Medal Sire 697789 
Sire of All American Get 1947-48. 
niR Proof 

lOSdaus 13.920 M 3 66% 509 F 
63daua. 13 530 3 70 502 

63 dams 13 000 3 62 471 


• 4 580 4- 08 4-31 

45 Efcellent Offspring 
Pabst Burke Lottie at 5 y 6 m 3 X 365 
27029 M 3 8% 965 F 


WINTERTHUR 0III;AT KANN SOLOHR * 
1934437 

2y3m 3 XSeS 16 217 3 8 609 
3y4m 3 X 365 19 035 3 9 747 
4 y 7 m 3 X 365 24 857 4 0 097 
6y2m 3 X 365 24 39S 38 929 
She 18 a daughter of an 
Excellent Sire 


yoscn ORMSBk FOBES I4th 
' EX'’ Gold Medal Sire 
BIR Proof 

68dau3 15.380 M 3 87% 598 F 
63d3us 15400 3 90 601 

63 dams 15310 3 81 583 


4-90 4-09 4-13 

lire limes Leading Honor list 
Bire of the Breed 


WINTERTHUR SELECT NLBSKA 
\AMALO 
OP 2205.510 

2y3m 2X36> 13812 4 0 552 
3y6ni 2 X 365 18.233 4 0 735 
4y9ni 2 X 365 17,271 4J2 723 
5yl0m 2 X 365 181C0 47 850 
rive other records up to 11 years of age Her 
Kiru a iilrer production sire 


The dairyman may ask, “What is a good record?” He should not 
be satisfied with a few cows’ records— his standard should be a 
yearly herd average. Tq be profitable the goal should be at least 
400 lb. of biitterfat a year on twice-a-day milking for two-year-olds. 
Such heifers should develop into cows that will produce 500 to 600 
lb. at maturity and continue in production for five to seven years on 
the av erage This is a high goal, but it can be achieved by continuous 
record keeping and the use of good bulls. Many daiiy^men have 
already surpassed this goal. 

In selecting cockerels to mate with a flock of hens, tr.ip-ncst roc- 
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orl should always be med The goal ol 

0?^ ee5> oer bird Again this may seem high to the ranic a 
poultmnen, set there are numerous breeders svho long ago p 

'’Thog breeding the sire seleeted should be from « 
from eight to twelve pigs and not from one that never has m 

%iow to Evaluate Becords. We all hie to look at big 
records, yet sse should evaluate those records. It is all loo e y 
confuse environmental influence with possible mhentance 

Those dairymen svho milk only tsso times a day svill rarely mane 
an 800 lb fat record, but such a record is not infrequent ainong 
dairy cosss that are milked three times daily. Cows milked t ree 
tunes each day, kept in box stalls, and fed the best feed that is aval 


s'!!! '■'j ‘ ” ' t"’"" lk» 1V57 world bonerlol record, over d 

oreefl. Her dore ond lire were .eiorid o-oerot.ori deseerwlool. ot ihe B'enl 
wrir. lone ot Vernon, ond .he henell n ihe re.oll ol line breeding In 
todolron. dre ho. prodoted 180458.6 lb ol nrill. o„d 8.074 67 lb ol boHerlol 
She h owned b, lee . Hll f„m. Morrrdown. New Jer«, 
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able at any price should not be confused with those which must 
depend mainly on pasture for their sustenance. 

An 800-lb. fat record made on four milkings a day in 365 days- 
is about equal to 675 lb. of fat on three milkings a day and 560 on 
two milkings a day. If the cow were to be milked 305 days or ten 
months and have a calf within the year, her record would be about 
equal to a 465-lb. fat record in the Dairy Herd Improvement Associa- 
tion program ( sponsored by the United States Department of Agri- 
culture in cooperation with the States) or the Herd Improvement 
Registry Test (supervised by Agricultural Colleges for the various 
breed clubs). It is evident that all factois would be equal under the 
above production comparisons. 

High records are to be commended, but the average dairyman 
or any other breeder must not expect that high records under nearly 
perfect environment will be repeated under average farm condi- 
tions. It is advisable to consider how many records an animal has 
made. A cow that will produce 600 lb. of fat each year for three to 
four years under ordinary care is a great cow. A cow that will pro- 
duce 800 lb. of fat in one year is a great cow; but unless she can do 
it more than once, the author believes the 600-lb.-fat cow is the 
best dam of n herd sire. 

Conversion Faclocs. Cows will continue to increase in production 
of milk and butterfat from the time they freshen as two-year-olds 
up to the age of six to eight years, and thereafter their pioduction 
will slowly decline. For the benefit of comparing records of bulls’ 
daughters with their dams and of finding the mature equivalent of 
young dr old cows, two sets of conversion factors have been worked 
out by the Division of Dairy Herd Improvement of the United States 
Bureau of Dairy Industry. 

Table XXIV shows tlie age conversion factors reasonably ap- 
plicable to all breeds of dairy cattle. Similar factors are available 
for the individual breeds aud can be obtained from the Bureau of 
Dairy Industry. The mature equivalent record is found by multiply- 
ing the pounds of milk or fat produced by the factor opposite the 
age of the cow at the time her record was begun. Example: The 
record of a Holstein at two years of age was 10,000 Ib. of milk. Her 
mature record equals 10,000 X 1,376, or 13,760 lb. 

Tile United States Bureau of Dairy Industry considers that milk- 
ing a cow four times a day increases her producUon 35 per cent and 
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Table XXIV 


Agt classijicalxon 
(years) 

Sinyle Utter 
requiremeiU 

Converstem 

factor 

Mature 

eqvival^t 

5 

400 0 

X 

1 00 

400 

4H 

381 7 

X 

1 047 

0 400 

4 

363 4 

X 

1 100 

400 

3H 

345 2 

X 

1 159 

= 400 

3 

327 0 

X 

1 223 

400 

2H 

308 7 

X 

1 29o 

= 400 

2 

290 6 

X 

1 376 

400 


milking her three tunes a day increases her production 20 per cent 
over what it would have been on twice a day milking 


To concert Multiply by 

A S63-day record to a 305 day record 

A 305*da\ record to a 365 day record 1 FI 

A 4 times a day milking to a 3 times a day milking 0 88 

A 4 tunes a day milking to a 2 times a day milking 0 *14 

A 3 times a day milking to a 4 times a day miUang 1 18 

A 3 times a day milking to a 2 times a day milking 0 83 

A 2 times a day milking to a 3 times a day tnilkmg 1-20 

A 2 times a day milking to a 4 times a day milking 1.35 


To convert 2 milkings per day for 3(6 da>s to 3 milkings per day fo' 
385 days add 40 per cent 

To convert 3 milkings per daj for 363 days to 2 milkings per day iot 
3(6 days subtract 30 per cent 


FnOVlNG THE SIRE 


Today, though we talk about superior proved sires, there may be 
TOnsiderable difference of opinion as to what a superior sire is I* 
has b^n said that we must select a sire that will improve the top 
haff of a dairy herd A sire then may be a good bull in one herd 
b 1 w production in a herd of higher average producing 


Artificial breeding has become big business dunng the past decs 
goes on Du™g 1938 30 1 
cent of the dairy cows in the United States were artificially 



Selection for Animal Improvement 323 

seminated. In some states over ‘10- per cent of the calves born are 
from artificially inseminated dams. As an artificial breeding bidl may 
sire 40,000 or more progeny in a year and over 200,000 in a lifetime, 
it is very important that sires be carefully evaluated before selection. 

Before considering tlie mefliods used in evaluating sires, the sire’s 
own importance deserves mention. It has often been said that the 
bull is half the herd. In a herd in which ten to twenty or more calves 
are born each year the sire is thus ten to twenty times as important 
genetically as a cow in establishing the future of the herd. So it is 
•with all sires in our animal industry. There is, however, no argument 
that both sire and dam are of equal importance from the standpoint 
of any one cow or bull. Each progeny always receives by chance 
assortment one member of each chromosome pair from each parent. 

To evaluate dairy sires, then, we should have a proof of his in- 
fluence on the cow population to wlrich he is bred, or in other words 
a comparison of the pioduction of his daughters with that of their 
dams, using the coirversioir factors shown previously in this chapter. 
In additioir, many of our sire selection committees in artificial in- 
seminatioir organizatioirs are giving attentiorr to year and season of 
freshening. Records made in a dry year, for example, rrray not be 
a true indication of the production of a cow when on abundant feed. 
It has also been noted that cows that freshen in the fall produce 
more milk than cows that have their calves in spring. 

Most bull proofs, their, are shown as dam-daughter comparisons, 
using the first five to nine darn-daughter pairs as a preliminary ap- 
praisal and ten or more pairs as better indication of a sire’s trans- 
mitting ability. It can be illustrated as follows; 

12 daughters av. 14,000 M. - 4.0 — 560. F. 

10 pairs daughters av. 14,200 M. — 4.0 — 568. F. 

10 pairs dams av. 12,800 M. — 3.7 — 473. F. 
daughters increase + 1,400 M. + .03 -i- 95. F. 

of great importance is the level of production of dams of daugh- 
ters to which a sire was mated. The breeder wants to know if the 
sire can maintain or increase prodrretion when bred to high-pro- 
dtreing selected dams. There is nruch more to be desired in a sire 
who can maintain prodrretion at a 500-lb. fat level, than a sire that 
raises production of his daughters to 400 lb. when mated, for ex- 
ample, to 350-lb. fat level dams. 




ftgvrt 74 N J E.S Mutuof Orni»by Jewel Mice, 654594 

12 tested daughten or 16^S0M. AJZ% 699 F 
12 pair* dam ov 15 470 M. 3 B5% 596 F 


As a fiirther guide in studying a bull, the arrow chart may te 
used to show what a cerlam sire does under individual conditions 
Figure 74 shows the arrow chart of N J E S Sir Mutual Ormsby Jev' el 
Alice, 654594 The circle represents the dam’s record, and the arro'V 
the production or test of her daughter 

In only three cases did this sire fail to increase milk production, 
and m all cases he maintained or Increased the bntterfat percentage 
The Artt/icicI Breeding Proof Mott ReliahJe. It would appear that 
since bulU differ in their transmitting ability, an artificial insemina- 
tion proof may be much more reliable than a natural proof, especiall) 
when the na^ral service proof is made in one herd The recom- 
men proo todaj is an artificial insemination proof showing tbe 
^rfoiroancc ot 50 or more daughters of a sire used on several herds 
nrfW ^ Table XXV, which shows how natural service 
prools of sires may change when Jh» same sire is used in an aruBcial 
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Tabli: XXV. Natcral FrRvirK Pnoor* v# AimnciAL Insemination Pnoorn on IIomtein Hci ih 


PAlJl. . 


OCAPOK . 

DEAN 


Kuittber o) 

pptinrf* e} 

of Pounds of 

Numhrr p/ 

Pour'is of 

atum'ile 

hutterfiit 

onintAU bitifer/at 

ani'moff 

hutler/nl 



Natvhal SEKiicr Pnooi 



20 t1 

.*17 

32 (lauKhtrn 4SS 

30 dstiRlitprs 

407 

1 1 |<nir dniiglilir' 

rm 

30 |>iiir (iaUKlitrn 41fi 

30 pair dauuliterv 

490 

U jiutr dttiii-t ♦ 

4)9 

30 lutir cianiA 372 

30 iTiir (lams 

451 

DiJIirrure 

+Sf. 

Dilferente 4-44 

Dtjfrrente 

+45 

\n Piiofil 

Cau I’LWFn 

m Conventional Daucjitfr-Dam Method (2X.30o,ME) 


27K JuueIiIi n 

4J1 

2t9 daiiLlitrrH 441 

021 Huiialitevs 

472 

1 JO pair drvnittili r> 

41'l 

120 iinir UAHcldcro 4S4 

401 pair (Jftuelitpn 

474 

1 J*) iuir ildiiis 

417 

I JO l>air daiiiv 412 

401 pair dams 

417 

DiEtreiiee 

+ JJ 

Dtfferenee +42 

Difference 

4 57 

AH pAvniTi It I.s\ >L ^ojMArLn mir yE.\R, Sea'ion, am> Heno P»rECT and Tctk CourARED to Hrced 



Averaoe • 



278 JniiKlittn 

414 

240 dauclitcni 453 

1,071 daufditer* 

4liQ 

lloNtciii lirciti 


HoIntMti lifted 

IlrTstem Jlrced 


ormK* 

410 

artragt 410 

Bterage 

430 


. (-4 

Dtflf rente +23 

Difference 

+ 30 


Siipre Cornell E^lenfton IliiUeliH 5><y) (19^8) 

• Ureevl a>crattc •« 2 X lOo-Jay Mature Diuivalcnt (Ml.l iTod'u lioti axcrace for a]l IfoIstAia tows 
on DH! teal in Ne« \ork Flol'^for the julhI five years 


inspinination association. Adjiislmenls are also shown depending on 
wlien dams and daughteis made their records, and in comparison 
with the State Dairy Herd Improvement Holstein Breed average 
The peiformance of three sires Is shown. 

Other Methods of Sire Evaluation. Some of our dairy breed or- 
ganizations are now recognizing sires based on the average of their/ 
daughters’ production when compared to the breed average, all 
records of couise corrected for age, length of lactation, and number 
of milkings a day. 

Move recently a verj'-.piomising method to evaluate young sires, 
has been started in several states. This is called the Comparison of 
Stablemates. This method is not new, as it has been used in Europe 
for some time; however, it is proving of real value in getting an early 
appraisal of the transmitting worth of young sires in artificial breed- 
ing coopeiatives. It is a method whereby the records of two-year-old 
daughters of artificial breeding sires used on several farms are com- 
pared with records of their stablemates. Records are on. the basis of 
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2 X 305-day Mature Equivalent, taking into consideration that the 
season of year of freshening for those cows compared is the same 
This type of study shows early in the use of a young sire whether he 
IS maintaining, raising, or lowenng production m several herds where 
the same environment exists between his daughters and their stable 
mates The proof of one New Jersey sire is shown in Table XXVI 


Tabxx XXM Sur\ey op Dauckters op Sire H-76 


II 76 Daughters 
17 Daughters 

Milk -ME Fat "ME 

A\ 12120 3 67o 443 


Stablmates in 14 Herds 
315 Stablemates 
MilkAIE Fat ME 

Av 12 740 3 7% 462 


T vo-Year-Old StabUmoies 
of Daughters of H-76 
79 Stablemates 
Milk ME Fat ME 

A\ 12 530 3 7% 461 


SELECTING THE YOimc DAIRY SIRE 

Artificial breeding units as well as individual breeders must select 
and prote some young sires The practice of breedmg 500 to 1,000 
females to a young dairy sire m a cooperative unit and then retirmg 
him until he has milking daughters is certainly a safe procedure In 
this way few daughters m any one herd will be bom to him, and 
if he proves to be a failure, no one breeder will suffer from a group 
of poor producers 

In selecting the young sire the author suggests the adoption of 
the plan followed by most successful breeders in line breedmg or 
sometime inbreeding In the New Jersey Artificial Breedmg Pro- 
has been projected for some years to 
requires that some analyzed, related young bulls 
be^ each year, as there will not be enough supenor, related, 
p ed sir« to go around Outcross bulls will also be in service 
rpffflTcItTifT f been mentioned previously in this chapter 

dSii a"f "• of b proved sire In 

selection of th ^ therefore behooves those responsible for the 

selection of the young sire to proceed with real caution 
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The female family should be studied. The breeder should select a 
young sire that is a son of a superior proved sire; and he should be 
able to see representative paternal sisters. Since the dam may exert 
as much or more influence than the sire, he should also pay attention 
to the female ancestors or female family from whieh tire young sire 
is to be chosen. Mark Keeney in his Cow Philosophy (1940) has 
most aptly said; "First and foremost the^dam of our ideal bull will 
be truly a great cow. She will be great in tier own producing ability. 
She will be great in the inheritance of her ancestors, and further, she 
will have demonstrated her ability to transmit greatness to her prog- 
eny.” We believe that Mr. Keeney has demonstrated as well as any 
breeder that his great success as a Holstein breeder is expressed in 
this quotation. Table XXVII shows a dairy cow family that is con- 
sistent in production and test. The direct descendants of one cow arc 
compared with their paternal sisters from four sires. The chances 


Table XXVII 


Sire I 


Sire S Sire S 


Sire 4 


Dau’s Av. 
Dam’s Av. 


13,623 3.50 
12,479 3.40 


13,743 3 50 
12,643 3.55 


14,450 3.57 
13,424 3.51 


15,783 3.64 
14,932 3.52 


Family A 
Cow 96 
7 Lac. 
13500 
3.56 


no 

j 

130 

163 

4 Lac. 14978 
3.57 

214 

2 Lac. 15962 
3.75 

6 Lac. 13573 
3.58 

5 Lac. 13890 
3.C0 



I'TO 




lia 

3 Lac. 16642 
3.64 

"CO 

1 Lac 16840 
3.81 

117 


1 A'T 

1 oo 

5 Lac. 14723 

3 GO 


1^/” — 

5 Lac. 14963 
3.65 

lo^ 

2 Lac. 15432 
3.82 



1C" 


-122 

150 

4 Lac. 15630 
3.72 

xUU 

2 Lac. 15641 
3.73 

4 Uic. 11504 
3.G4 

4 Lac. 1&123 
36S 

jg3 

071 



3 Lac. 1575G 
3.74 

— Z/ 1 

1 Lac. 1G300 
3.78 
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are good that this consistency may be passed on thr.oiigh a male 

bom of this same family 

Tlie ability to reproduce, or in other words fertihty, is a factor 
that IS possibly inherited In recent anal>ses of certain cow families 
extending through four to six generations, the tendency tow ard low 
conception was \ery evident in certain families The number of 
direct descendants in a famd> of animals is a great criterion of the 
fertility of that familj The family of low fertility eliminates itself 
finall) bv natural selection Certainly the breeder should avoid buy- 
ing into such a line of inheritance 
The kind of feet and legs an hnimal has seems to be directlj related 
to its abilit) to remain in production for a long time Those whose 
feet are tender and whose legs are crooked and not well placed 
when standing niav earlj i avc to go to the butcher Therefore, l>'pe 
classification data of the ancestors of the males under c-onsideration 
should be studied 


It should be c\ idcnt from the recommendations m this chapter 
tliat one of the most important methods of selecting a sire is through 
records The reader should understand that the breeder of livestock 
miht select w ith greatest care his parent stock for succeeding genera 
tions, and discard without fear the inferior animals Sires should be 


selected from pedigrees that tell a full Mor> of production, 1)1)0, and 
longeyity of the ancestors A sire’s daughters are his best advertise 
ment Special cattle progen> stations were started m Denmark 
in 1945, and bv 1954 there were 25 stations testing 92 progeny 
groups Each progeo) group consists of 20 daughters of a sire se 
lected from one of several different herds They muit be twenty- 
seven to thirt) three months old and due to calve between Sep- 
tember 20 and November 15 Tlie groups are assembled at the 
s ations on September 1 each )fear and the test co\ enng the period 
from caKmg for each bull group js 30! dars Mason (1932) con- 
siders llus sound genelicallj Robertson and Rende! (1934) aUo 
MA «>l'es in England and Wales Tire 

enoo,,l T'*.'" ^<=<^“117 reported a 

statiLs " msemoiation bidls’ daughters in testing 

the four ™ farms. In tsro years of 

Other two cp-i il ^ ranked m the same order, whereas m the 
otlier two jears there ssere diserepaneies 
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OTHEn LIVESTOCK INDEXES 

An Index for Meat Animak. The breeders of meat animals are in 
greater need of a yardstick by which they may measure the inher- 
itance of conformation than the breeders of dairy cattle. It is in- 
teresting to note that much progress is being made; still there is 
much variation in the transmitting ability of sires of all breeds of 
b^ef cattle, sheep, and swine. The show ring has done much to 
place emphasis on types that have particular market advantage. 
Wliat the general livestock breeder wants in his sires is an inher- 
itance to produce offspring that have high-quality meat and a tend- 
ency to develop economically. In other words, he wants an animal 
that grows rapidly into a symmetrical individual at a minimum 
feed cost.. 

Gregory (1933) proposed an index based on round measurement 
parallel to the ground from patella around the rear of the animal 
to the other patella. He called his formula RM/H, or round measure- 
ment divided by height at withers. The most typical low-set, beef- 
type animals measured approximately 106 cm. around and 123 cm. 
in height at witlieis, thus giving a RM/H reading of 862. The aver- 
age dairy animal on the other hand gave a round measurement of 
90 cm. and a Withers height of 126 cm., oi an index of 715. Gregory 
repoitcd that the dividing line between beef and dairy was at an 
index of 785. 

Sheep Index. The sheep breeder has a dual ideal in improving and 
maintaining liis flock. His ewes must produce an annual crop of 
lambs of high meat qu.-ility, and the wool should pay the feed cost. 
Christgau (1939) at the University of Minnesota has reported that 
he uses the following plan as a measure of efficiency in selecting sires 
from a flock: 

1. Record the ewe's Weights, breeding dates, and fleece weights 
and grades. 

2. Shear at the same time each year, and weigh ewes each year 
at shearing time and breeding time. 

8. Recoid the lambing dates and lambs' weights. 

. 4. Stamp the ewes’ and lambs' numbers on the side of the body, 
using a system ar oiding annual duplication. Stamp larnbs at birth 
and ewes at shearing. 




5 '^>1 1 'veigli each ewe s lamb when fifteen w echs old 

6 \\e,th each ewe s lamb at twenty three months of age 

AH rccnrrt T Wdiftg and mnragtment practices 

tooermit th l'’™' ^ ™ tabulation card 

asSers ' "" "> 

"‘V ferti% T^L TnVl’on' 

Record the birth weights of !^erarth breeding purposes 

and their daily rate of cam im m ' "eights at fifty six days 
as to roarUt type on arale of age tlien rate them 

iV on scale ranging from 1 down to 10 'Ve might 
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select six of these sows to male to one boar. Table XXVllI shows an 
index on a good boar. 


Table XXVItl. A BoAn I.ndex Devised dy PaorEsson 
V. A. Rice at MA8SACHOSErr.s State Univeiisitv 



Averaffe birth 

Average 

Average 

Average 


weight 

66-day wt. 

daily gain 

grade score 

6 sows 

2.4 

32 

1.1 

4.3 

40 pigs 

2.G 

38 

1.3 

3 8 

Boar Index 

2 8 

44 

1 5 ' 

3 3 


A nnEEDiNG raor.nAM is needed 

The artificial insemination of farm animals has brought about a 
new era in animal improvement, just as tlie development of hybrid 
com opened up new possibilities in the plant kingdom. To what 
heights we may go in average milk production in a dairy herd is not 
known, but we have many animals that now can boast of o\ =r 500 lb. 
of fat annually. It will be a long time befoie our national average 
approaches this figure. However, as livestock owners improve their 
animals they hope to keep on going up the ladder. Therefore if the 
organized artificial breeding is to remain on solid ground, plans must 
be made to attempt to find or breed superior sires capable of at least 
maintaining these new high levels of production. 

Use of proved sires is of course the surest method of increasing 
or maintaining high levels of production. With the advent of artificial 
breeding organizations we began growing ‘fewer bulls. Hence our 
field of selection has become narrower by the very fact that one sire 
can now take the place that 30 or 100 occupied in former days. 

Sire committees of our various breeding associations must be im- 
pressed with the great responsibility that rests on their shoulders to 
find sires that can be depended upon to maintain the gains that have 
been made since 1940. They should have knowledge of animal 
genetics, and they should plan a long-time program and be ready to 
stand behind it. A few mistakes can make a lot of trouble. The pro- 
gram can be on an area, state, or multistate-wide basis. 

In planning a long-time program certain facts must be kept in 
mind. ( 1 ) Not all members of any organization are going to be satis- 
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Bed with each sire at the bull headquarters Therefore, first the sire 
committee should strive to find the best proved sire that their funds 
will purchase (2) Farmers today are becoming more and more type 
conscious While type and production are not closely correlated, 
good type is worth money in sales of surplus animals Type classifica- 
tion of purebreds today is a growing trend, and bulls that sire out- 
standmg type are available (3) When the average production of 
a group or herd reaches a high level, some line breeding seems ad- 
vantageous m maintaimng it 

These facts should be observed in a program that calls for im- 
provement on a mass scale Thus it should be the responsibihty of 
a sire committee to enhst the cooperation of our best purebred live 
stock breeders for the sale, lease, or cooperative ownership of -such 
prov ed sires as are available 

A plan for herd analysis and for accumulating and studying rec- 
ords of young bulls’ daughters should be a part of the long time 
program 

A plan for stabling young sires while not m use should be worked 
out It seems best that once a young sire has been used for artificial 
insemination he should never be used for natural service TTiis is 
not necessarily a rule, but it is a good plan to follow 


SUGGESTIONS FOR SIRE SELECTION 

1 Sires should be selected on a production and type (herdmialy-, 
sis) basis 

\ should have offspnng with records commensurate 

with the herds m which the sires are to be used, Study an arrow 
chart of each sire’s daughters 

3 Pedigree, production, and official type classification records of 
anwstors should be consulted ra sire selection 

14 L records, wherr being used in sire selection, 

hirpF common denominator, namely (a) Ma 

tore Eqmva enl, (b) 303 days, (c) two milkmgs daily 

mendptrivT.*"'^ important, but some hne breeding is recom 

pmglt purchasing or putting new sires into a breeding 

Te^rS'l!lould°^bfL^e7^0nT^ previous breeding 

should be used ° young sires from fertile families 
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7. All young sires should be mated with enough tested females to 
assure 50 dam-daughter comparisons. 

8. Special quarters for young sires should be provided while they 
are being proved. Natural service in farmers’ herds is not recom; 
mended. 

9. Health is essential. Freedom from tuberculosis, brucellosis, 
trichomoniasis, and vibriosis should be required. 

10. A long-time program in the hands of competent sire com- 
mittees is essential. 
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^^ass artificial insemination of farm animals, particularly cattle, 
is now being practiced in a good many of the countries of the world 
through artificial breeding organizations. Several of the groups failed 
in the beginning, but most of them have progressed, many com- 
bining to form the larger centralized type of organization. These 
are playing an increasingly important role in the improvement of 
cattle. With the most careful type of management they will continue 
to grow in proportion to the amount of constructive service rendered. 

In 1981, 7,047,148 dairy cows were bred in the artificial breeding 
organizations operating in the fifty states and Puerto Rico. This 
number, the largest in any year since the beginning of the arUficial 
breeding in the United States, was 36.7 per cent of the cows and 
heifers two years of age or more kept for milk during 1961. These 
cows were located in an estimated 863,781 herds. 

Table XXpC shows that the average number of cows bred aimually 
per sire has increased from 228 in 1939 to 3,010. Note the increase in 
proved «res and in the producUon level of their tested daughters 


XndTfff were New ^mpshir. 

nS ' Washington, Utah. Idaho, Ne' 

I rsey, Delaware, Pennsylvania, and Wisconsin. The largest pH 
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Tabu yynC- Btatcs or Astmcm. Bnuosto TMOtmu at the UtnrtD Statxs, 1939 to 1902 


Daffy tint in temet 

Cnsi^rtd ■ ■ 

— — — i])ni.data^y 

At. Dami DaugMeri 

Total per Total ■ ' 

not *in no. MSk Fat MOk Fat 


1939 

7 

83 


4.7 

046 

7459 

52S 

— 

— 

— 

— 

— 

tHQ 

25 

188 

— 

84 

, 2.971 

33.977 

246 

— 

— 

— 

— 

— 

1941 

85 

237 

— 

18 

6,907 

70,751 

399 

- 

“ 

“ 

— 

— 

1943 

46 

413 

_ 

9.0 

12.118 

112.783 

274 

_ 

— 

— 

— 

— 

mi 

59 

674 

234 

9.7 

23.448 

182424 

318 

13S 

9.559 

887 

10,155 

419 

1944 

56 

657 

19.6 

11,7 

38,627 

211070 

332 

120 

9,065 

891 

10.400 

431 

1945 

67 

720 

304 

10.0 

43,998 

360.733 

405 

147 

9,639 

837 

10,489 

438 

1946 

78 

900 

234 

11.8 

73.293 

637476 

697 

209 

10470 

401 

10.741 

433 

1947 

64 

1,453 

211 

174 

140471 

1,184,163 

815 

335 

10.099 

405 

10.530 

430 

1948 

91 

1,745 

94.4 

19.2 

334,403 

1,713,581 

032 

426 

10.161 

407 

10476 

433 

1949 

90 

1,940 

36.6 

9U 

316.177 

1091.175 

1,078 

514 

10.157 

412 

10.499 

436 

1950 

97 

2,104 

36.6 

21.7 

400400 

2 . 6 IO 455 

1445 

559 

10,236 

415 

10,734 

444 

1951 

94 

3,187 

39:0 

33.3 

643.300 

3.509473 

1.605 

634 

10487 

419 

11,000 

459 

1952 

94 

3.834 

99.6 

24.7 

671,100 

4495443 

1,848 

688 

10,810 

422 

11,210 

471 

1958 

96 

3498 

86.7 

27.1 

755.000 

4445432 

1,865 

953 

10.375 

429 

11.176 

473 

1954 

98 

3.661 

811 

28.6 

805.000 

5.155440 

1,037 

060 

10.483 

433 

11,339 

475 

1955 

79 

t450 

310 

310 

845,900 

6,413.874 

2410 

883 

10475 

435 

11,265 

11401 

476 

1956 

79 

3453 

315 

33.8 

900,400 

5,763,656 

2,257 

033 

10,600 

438 

4n 

1957 

75 

2,651 • 

404 

354 

946,000 

6,055.982 

3 384 

1,074 

10,636 

440 

11.894 

477 

1958 

71 

9.676 

374 

37.7 

975473 

6.6I54» 

3.483 

1,013 

10.772 

440 

11.345 

478 

1959 

64 

3,460 

391 

35.4 

930.059 

6.933494 

3,816 

963 

10.918 

451 

11.493 

4S3 

1960 

63 

3.644 

184 

410 

910.000 

7.144.679 

3,608 

477 

10,790 

437 

10.793 

443 

1961 

56 

9,486 

19.6 

44.4 

863.T31 

7.4S3.740 

3.010 

438 

11,181 

445 

11,172 

452 

1963 

56 

3,456 

— 

43.9 

— 

— 

— 

— . 

— 

— 

— 

— 


Soortt' KAtlonal CoopenBtn Dilrr Berd Improrraini IVopatn. Dairy Btri Impmerntti Lteur, ZXXVJir (tlirefa, 
1963), (Atric'iltQnl Scrriee, V. 8. Dtpt of AxHeoltve.} 

* EtUfflitod for tHi yeui IVSO'ISSL f Mar to 1916 eo«« v«r« Rporlrd eoly n tbi bi^ of oiuolljStat 

gram was Wisconsin’s, with 1,291,835 cows bred in 1961. Other 
states with more than 300,000 inseminated that year include Minne- 
sota, New Yorlc, Pennsylvania, Ohio, California,' and Michigan. 

Beef Bulls in the Artificial Insemination Program. Since 1950, a 
surprising development has occurred in the request for the service of 
beef bulls, both by the dairy cattle osvners and the all-beef raisers. 
A total of 420 beef sires was used by 45.of the 56 artificial breeding 
studs of the United States in 1981. The number of beef cows bred 
was 435,592. During the same year, 38 per cent of the calls for arti- 
ficial insemination service, in England and Wales was for beef and 
dual-puri>oso bulls, to inseminate a total of 752,860 cosvs. (Edwards, 


Stmfntrrffct 
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TiELB XXX. LEiDDtO AEnnOAI, Becediso OEOiSIIATIOSS IN 
the United States, 1961 


Stud 


American Breeders Service, 
Madison, Wise. 

Curtiss Candy Farms Improved 
Stud Service, Inc., Cary, III. 
New York ABC, Inc., 

Ithaca, N. Y. 

Badger Breeders Cooperative, 
Shawano, Wise. 

hrmnesota Valley Breeders Assn., 
New Prague, Minn. 

Tri-State Breeders Cooperative, 
Weslby, Wise, 
yfichigan ABC, Inc., 

East Lansing, hlich. 

Central OMo Breeding Assn., 
Columbus, Ohio 
NOBA, Tiffin, Ohio 
Consohdated Breeders Cooper* 
stive, Inc , Anoka, Minn. 


No. coif* hred 

No. bulU used 

1,431,462 

126 

817,216 

150 

553,067 

123 

373,007 

6S 

321,496 

69 

421,464 

99 

259,243 

91 

240,012 

63 

216320 

78 

242,610 

53 


Sourtt: National Cooperative Dairy Herd Improvement Program, 

Dtnry Herd /mprowment Letter, XXXVIII (March, 1962). (Agri- 
cultural Keseaich Service, U. S, Dept of Agriculture.) 

1960-61.) This greatly increased demand has come about chiefly 
because: (1) A few top sires have been made available to owners 
of purebred or high grade beef herds in a state or region. (2) Those 
owners have been enabled to do a better job of controlling breeding 
troubles. (3) Dairymen have been afforded the opportunity to have 
their first calf heflers bred for easier calving, and then raise the 
resulting crossbreds for beef or veal. 


AimnCIAU BREEDDCC IS BIG BUSINESS 

From the foregoing it is obvious that artificial breeding has be- 
come big business. Its development in many countries has been 
^ "as anticipated during the initial stages from 1937 
• The research staffs of government experiment stations and 




Figure 76 America s firil ortif ctal breeding ossociolion at Clinlon New Jersey 
began operations in cattle insemination in May 1938 A two-way radio system 
directs technicians to farms where cows have reached the optimum stage of heat 
for breeding 
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of certain commercial companies have made disMvenes wthou^ 
which the movement would have advanced slowly. Many ot tn 
groups emerged as large enterprises requiring managers of excep- 
tional ability and officers and boards of directors elected from among 
the top leaders in the membership. A Uttld later, private industry 
was attracted by the business suecess of the cooperatives. In Janu- 
ary, 1959, there were 64 active cattle inseminating studs in the 
United States, and several of these were commercial in nature. 

Today commendable artificial breeding work is being done bo 
by the cooperatives and the private, commercial corporations.. 'Hie 
sole criterion should be the quality of the service rendered. Some live- 
stock owners believe that the cooperative is bkely to function more 
economically and that its continued existence over a long penod 
is not so likely to depend upon the aggressive leadership of one or 
two individuals. A true cooperative develops leadership among its 
members. Responsibility for Improving its efficiency is continually 
being delegated to different committees. 

On the other hand, if any private breeding unit is in a position to 
offer continuous service of a high order, covering all phases of*an 
inseminating program, it will likely gain a fair share of the patronage 
of the livestock owners, in keeping with the spirit of free enterprise. 

Contemporary with the multiplication of airlines and ever faster 
plane service has come the competitive bidding of some of the' 
large breeding organizations for the business of livestock owners 
living far off, sometimes in foreign countries. But the biggest factor 
has been the improvement in the techniques of freezing and ship- 
ping semen, especially bovine semen. With many more ampoules of 
semen potentially available from great sires than are needed by 
these organizations, it is natural for them to seek distant markets. A 
Unit^ Slates breed journal recently carried large advertisements, 
\ by 14 of these organizations, some cooperatives 


expansion of AKnnCIAL INSEMINATION PBOCIIAMS 

organizations that have grown most 
have Tiprf countnes in the past twenty years are those that 
pected hv “bo™ 

y e members. The managers and technicians have ap- 
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Ftqure 77« Growth q( artificial hreedinq q( cattle in the United States. (Cour* 
lesy A. I. Digest.) ^ 


predated the herd owner’s year-to-year problem of having bom on 
his farm, young stock that are satisfying both in numbers and 
quality. 

A well-conducted field service is very important in expanding 
the growth of a breeding organization. This source can be very 
broad. Its scope and effectiveness depend on the imagination and 
competence of the board of directors and manager and the support 
given by the entire staff. In its province fall such activities as pub- 
licity, cooperation in health control, production testing and culling, 
progeny appraisal, the holding of demonstrations and open house, 
the setting up of special exhibits, and participation in local, district 
and state cattle shows. 

The salary of a technician is sometimes a fixed monthly or an- 
nual wage. It can also be based on a minimum wage with a bonus 
incentive for increasing the volume of business. This encourages 
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the technician to do work of a high order and to sohcit new cus- 
tomers as opportunity permits 

Reducing Semen Costs The chief ways to reduce the cost of 
semen per cow inseminated are ( 1 ) Maintain highest quality stand- 
ards in producing, processing, and shipping (2) Increase the num 
berofcows serviced— thevolurpeofbusmess (3) Cut all unnecessary 
costs 

When breeding efficiency is high, the required amount of semen is 
kept at a minimum An increase m cows inseminated is a key factor 
m keeping an organization in the black Any attempt using various 
“gimmicks” to bolster an unscientific type of program is doomed to 
fail in achieving even a temporary pickup in business 


THE NATIONAL ASSOCIATION OF ARTIFICIAL BREEDERS 

The National Association of Artificial Breeders of the United 
States, commonly known as N A A B , was founded in 1947 Its ob- 
lective IS to aid m givmg purpose and direction to the organized 
artificial breeding of livestock and to cooperate with individual 
breeders and with various agencies, such as breed associations, state 
colleges of agriculture, vetennary colleges, the state and federal de 
partments of agnculture, and the foreign agricultural service, in 
expanding and improving the project of artificial insemination From 
a small nucleus of a few breeding groups it has grown rapidly until 
in 1961 the membership had reached 115 organizaUons, which in- 
cluded 102 members and associate members m the United States and 
13 associates m other countnes The history of N A AB has been 
charactenzed by actively working committees, well programmed 
publication of a highly informative monthly 
rna , e snd the fruitful achievements of an execu- 

Y been rendered in the standard- 

«men ifrf ” aT’ Preservmg. and use of 

The La "■““gement of bulls 

proamately 530.000 was for research relatma to such ever-new 

rhmhou^TLv'a"'’"’ “<1 >1= processing and 

artificial breedmJ’iim* technicians of most of the 

assisted NAAB has 

vocational as well aJ scienTfi™^”''"® worthwhile 

xcienufic (ispecls of the artificial insemma 
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Figure 78 Headquarters of England's Milk Morketmg Board, Thames Ditton, Surrey 
Its 22 artificial Insemination centers are breeding more than half of the notional 
herd 

Uon program To date the organization has concerned itself chiefly 
with cattle. Its motto is “Better Cattle For Better Living ” Its code 
of ethics, adopted September 24, 1952, follows. 


Code of Ethics— National Association of Artificial Breeders 

1. All ifiembers shall conduct their affairs to carry out the aims and 
objectives of the National Association of Artificial Breeders 

2 No sire will be purchased under any agreement providing extra pay- 
ment if his daughters in the owner’s herd achieve a stipulated pro- 
duction level. 

3. No sire will be put into service for payment of an additional service 
fee as a condition of registration of his offspring. 

4. The source of daughter-dam comparisons, or daughter-averages, will 
be indicated whenever published. 

5. In published daughter-dam comparisons, or daughter-averages, no 
daughters wth completed records of 305 days or less will be omitted 

6. Publication of non-return information will be on a 60 to 90-day basis 
and will be labeled as such. 
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7 No good purpose is accomplished by extravagant claims of the ments 
of sires, or of the efficiency of organizations All members will use 
truthful statements amceming their own assoaabon and other asso- 
ciations 

8 No organizabon shall employ a person who has been dishonest or will- 
fully neghgent with the rules of the Purebred Dairy Cattle Associabon 

0 It shall be imethical for any member of this organizabon to attempt to 
interfere with techmques and practices developed by another or- 
ganizabon, whether such interference be by unfounded criticism, inter 
ference with or by the proselybng of techmques employed by other 
organizations, or m any other manner unfairly disruptmg another 
orgamzabon 

10 All statements made by an organization concerning its, or another 
organization s business, shall be suscepbble of proof by adequate evi 
dence, and all such evidence as well as evidence bearing on any viola 
tion of this Code shall be submitted to N A A B or authorized com- 
mittee, thereof, upon request by N A A B 

U If any of the prowsiotis of this Code shaU violate any State or Federal 
law neither NA A B nor any of its members shall be bound thereby 
or shall be deemed to have agreed thereto 


nvo TYPES OF ARTIFICIAL BREEDLNC ORGANIZATIONS 

j breeding organization and the 

^e loerf " n largely mterdependent 

O^td B re^d® '''■ ">ay be pnvately ow4d and 
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overbad ™ =■" bas. due to h.gh 

traTor fed“ated Jr„“"' 

obtain the service of suncnoTb'll'"'*"?™'^ financial condition, and 
of business ^ ^ made possible by a large volume 

large distnct basj'u^mat”^™^'''’" orr “ state-wide or 

such as that now funct.nn,™ “^erativc or pnvate enterpnse 
"red by all of the "locals” ^ "r many states The semen 

and sent by mail bm central headquarters 

weeh, in the case ofi^quld ‘wo to six times per 
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WhetKer a local obtains semen from a state-wide cooperative or 
from a private commercial company, there must be cooperative 
effort and responsible officials to transact business. Certain steps 
pertaining to organization and management must be taken. The 
most important of these with reference to the basic local unit are: 

1. Election of outstanding officers and directors by the members. 

2. Payment of a membership fee and (or) 'a fixed entrance fee 
per cow to assure adequate funds for buying the required equip- 
ment and providing a working fund. • 

3. A breeding fee set high enough (for three breedings if neces- 
sary) to cover the costs of service without resorting to yearly dues. 

4. Operation of the business on a cash basis. 

5. Complete record keeping on breedings and finances. 

6. Employment only of technicians who are thoroughly trained, 
and who are deeply interested in the problem of herd improvement. 

7. No extension of special breeding privileges to anyone, and 
adherence to the decision of the central to use the bulls in scheduled 
rotation insofar as that system is workable. 

8. After affiliation with a central or federated cooperative, as- 
sumption of the expected share of responsibility for its successful 
operation 



r<Suro 79 The Centro de Los Angeles in Chile, which serves on oreo 200 miles long 
(Ceurfejy U S Operations Mission, Chile ) 
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Whether planning a local or a state-wide, regional or national 
setup, it IS always advisable to inspect in detail the opcratioiM of 
a similar organization, talk with the manager, and study the by-laws 
-and regulations, and especially the financial and business' arrange- 
ments 

In order to keep operating expenses of the association at a mini- 
mum, the headquarters should be located as near the center of the 
area to be served as is pracbcal The more concentrated the cows, 
the less travel will be required of the technician Also, the telephone 
cost to the members m reporting cows to be bred will be at a mini* 
mum The laboratory equipment required need not be elaborate 
but must include an electric refngcralor, microscope, and facilities 
for providing hot water for cleaning the equipment 

The Central. All members of the locals arc also mcmlxjrs of the 
central association which owns or leases the bulls, bull bam, and 
laboratory All the bulls are kept at the central bull bam The central 
association should be incorporated, and the locals with it, as af* 
fihates or subsidiaries The semen used m all associations is pro- 
duced at the central bull bam and mailed or sent by bus or other 
means to the local associations The local associations usually cm 
ploy their technicians and manage the affairs of the local group 
Directors for the central association arc elected by the locals, some- 
times in proportion to the number of cows serviced per year 
This type of organization is particularly suited for the expansion 
of the artificial breeding program New locals can affiliate themselves 
with the central association as they are set up 

Financing Proper financing of both the central and the local or- 
ganization is of utmost importance The following provisions from 
the by laws of the New York Artificial Breeders Cooperative, Inc , 
are fairly representative of those organizations that are enjoying 3 
sound financial position 


Aoticle 8-cAPrrAL Section I’-Membership Fee In order to provid 
capita each member shall pay a membership of $ — m the Corporatio; 

na ■51— for membership m each local association from which he re 
ceivcs service 

v<ld.(,onal capital eac 

each hT,d '’t'’ I of 5— per Erst service . 

fiscal year of tas 'toca^ 
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Section 3— Returrv of Capifnl; The membership fees and assessments 
shall constitute capital of the Corporation, and the Corporation shall 
maintain records to show the capital contributions of each member. 
When the Corporation has funds in excess of its needs, capital may be 
returned to the persons who invested it, or their heirs, or assigns, by 
action of the board of directors in any one or more of the following ways: 

a) The membership fees and assessments of persons no longer mem- 
bers may' be returned in the order in which they were invested. 

b) All of the assessments invested in any year may be returned," pro- 
vided that the assessments invested in all preceding years also have been 
or are concurrently returned. 

All of the membership fees invested in any year may be returned, 
provided that the membership fees invested in all preceding years have 
been or are concurrently returned. 

Article 9— operating fees. Section l^First Service Fee: Each member 
shall pay a service fee of at least $ — before each cow is bred, of which 
part shall be payable to the Corporation for operating expenses and part 
to the local association for its expenses. 

Section 2~~Additional Service Fee: Each member shall pay an additional 
service fee of $ — for each service after the third in any lactation period, 
of which part shall be payable to the Corporation for operating expenses 
and part to the local association for its expenses. 

Section 3— Rebreeding After Six Months: Except for heifers which have 
never freshened, any rebreedmg six months or more after the last pre- 
vious service shall be regarded as a new first service for that cow and a 
first service fee shall be collected. 

Section 4^Division of Service Fees: The local associations shall be 
considered to be the patrons of the Corporation. 

The division of the service fees between the Corporation and the 
local associations shall be determined by the board of directors. (By 
action of the board of directors, the Corporation may return to the 
district associations part of its share of service fees already collected.) 
The foregoing provisions shall be applied uniformly to all local associa- 
tions. 

Section 5— Net Scoings. Any net savings remaining from service fees 
and fncome at the close of each year, after provision for all expenses, shall 
he allocated to the patrons in proportion to their contributions thereto. 

Section G—Audit: Immediately after the close of each fiscal year, the 
Corporations operations shall be audited by a public accountant. A re- 
port of the operations of the Corporation for the fiscal year togetlier with 
a statement of its financial condition shall be submitted to the annual 
meeting of the Corporation. Within one month after the annual meeting. 
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the Corporation shall file with the Department of Agriculture and Markets, 
a copy of its annual \iudit, together with a statement of the names of 
its officers and directors, the number of members admitted and withdrawn 
during the year, and the total number of members 

Finances are budgeted m two divisions capital investments and 


operating costs 

Capital investments include such items as cost of bulls, equip- 
ment, a farm on which to keep bulls, paddocks, laboratory, and so 
on These long-time investments, referred to as capital costs, are 
paid for by membership fees, advances or loans from members, such 
as assessments for each cow, usually one dollar per cow, extra charges 
for first services, and so on, endowments from persons, foundabons, 
organizations, support from state or county farm groups, or loans 
from local banks, banks for cooperatives, production credit associa- 
tions Most newly formed associations err in incurring debts beyond 
the means of the association to repay, and in assuming unsound 
financial obligations 

Operating costs include salaries and reserve funds for bull re 
placements, depreciation of the physical plant, bull feed, semen 
shipping costs, and so on These costs are financed from the breeding 
fees The breeding fee should be sufficient not only to cover operat- 
ing costs but to build up a reasonable reserve fund, and in some 


organizations to retire the capital debts when so financed 
The work of 4he central is greater than many of the members of 
the Locals sometimes reahze The Michigan Artificial Breeders Co 
operative hsts the following as among the costs and items it pays 
for labor, feed, bedding, bam supplies, office supplies, matching 
of the Social Secunty sum paid by the technicians and central em- 
ployees, bonding of technicians and local secretaries, insurance, dues 
to National Association of Artificial Breeders, blood typing of bulls, 
calendars, bull manual, movie film of operations and results, field- 
man, exhibits to fairs, newspaper mats, newsletter, receipt books, 
mimeograp e material for meetings and the research program 

Assoctofiorw In the United States, the Purebred Dairy 
Ld th^r* ’ S" Association of Artificial Breeders. 

estabhshin^T^!!^” Science Association have cooperated m 
in all of the j governing the insemination of purebreds 

s St S k' An approved ^usmetrs” 

one that has been formed m accordance w.th sonnd methods of 
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organization, has provided for adequate record keeping, financial 
records, and others. Approved artificial breeding organizations are 
required to file authorizations of signature and a signature card for 
their manager, and for each technician in their employ, with each 
breed registry association with which their members will file ap- 
plications for registry. 

The member breed clubs of the Purebred Dairy Cattle Associa- 
tion are: 

Ayrshire Breeders’ Association 
Brandon, Vermont 

Brown Swiss Cattle Breeders’ Association 
Beloit, Wisconsin 

The American Guernsey Cattle Club 
Peterboro, New Hampshire 

The American Jersey Cattle Club 
Columbus 5, Ohio 

The Holstein-Friesian Association of America 
Brattleboro, Vermont 

The officers, manager, and technicians of every cattle breeding 
association artificially inseminating purebred, registered dairy stock 
in the United States must be wholly familiar with the contents of 
the booklet, “Requirements Governing Artificial Insemination of 
Purebred Dairy Cattle,” This set of regulations is obtainable from 
.any of the above member clubs of P.D.C.A. 


AN INFORMED MEMBEBSHIP 

A well-informed membership has been one of the important fac- 
tors in the breeding organizations noted for their rapid growth. 
Copies of pedigrees of new bulls in service should be sent out 
I promptly, together with any special news about them. Furthermore, 
it is important that timely items and educational facts, based on 
recent happenings, be issued periodically. The large-scale breeding 
operations afford data that are of intense interest and cany lessons 
that are understandable. 
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News Tuhlicattons Popular More and more of the larger organiza 
tions are doing an excellent jOb of keeping their members well in 
formed through the medium of monthly or quarterly publications 
These are usually four or eight pages TTiey contain notices of com 
mg events reports of interesting developments detailed facts about 
new bulls, and complete data on those m service that were recently 
proved The names of some of these publications are Progressive 
Breeder (Maryland), The KABA News (Kentucky), Test Tube 
Tales (Maine), Bull Tales from KABSU (Kans^), Test Tube 
News (Northern Ohio), New York Artificial Breeders’ Co Operator, 
and The Breeders Broadcaster (Southeastern Pennsylvania) 

Figuring Breeding Efjicienctf of Bulls Under field conditions, the 
estimates of breeding efficiency are nearly always based upon non 
returns •^sometimes wrongly called conceptions These are figured 
for various intervals, the most common of which are 60 to 90 days, 
and 90 to 120 days 



ng CooMrot v« loncoMeT EoA ^ ^wiheaiJem Penniyivania Art Tc al 
door* or« operoled by rop« end b. It^ ** 

pent 12 bv 3? bonding of bulls Outdoor exer 

'nr 35 f«, w,b o ,o.foot olley between ,Kem 
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Casida, Barrett, and Lloyd (1946) made a careful comparison of 
conception as determined by pregnancy examination with the con- 
ception as estimated from the breeding record reports of the insemi- 
nators. They found a discrepancy of 15.3 per cent at 30 to 60 days, 
6.1 per cent at 60 to 90 days, and 3.0 per cent af 90 to 100 days. The 
majority of the diagnoses were made by palpation of the amniotic 
vesicle between 34 and 50 days after breeding. Before the discovery 
of antibiotics, a 60 per cent non-return rate was considered ex- 
cellent in any breeding organization. An average yearly rate' of 70 
per cent is now no longer extraordinary. 

Housing and Exercise. In selecting a site and planning the housing 
facilities it should be remembered that it may be necessary to pro- 
vide for many mature bulls and have additional room for future 
expansion. Electric exercisers are used by some associations and are 
considered beneficial, especially for those bulls that are naturally 
inactive. Every bam arrangement should include a breeding rack 
under cover. 

Safety Devices. Every bull should be considered dangerous. Most 
associations have installed some type of arrangement for the special 
protection of the caretaker and the technician at time of collection 
of semen. Good devices include a fenced alleyway in which the bull 
goes to the collection point under the control of the caretaker on 
the outside. Every inside pen should have a good strong stanchion 
in which the bull can be fastened for easy catching, and for groom- 
ing and treatment. 


PROBLEMS FACING ARTIFICIAL BREEDING ASSOCIATION 

The most important problems that face artificial breeding or- 
ganizations are these: 

1. Obtaining more good proved bulls (that are fertile), either by 
association proving or by purchase. 

2. Prolonging effective usefulness of bulls and preventing fluc- 
tuation in breeding efficiency. 

3. Correcting the impression in some areas that artificial breed- 
ing is a method to use when natural service fails to produce con- 
ception. 

4. Investigating a too low non-relum rate in certain herds where 
conditions appear to be excellent. 
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5. Developing a proper appreciation of the part that good inherit- 
ance can play in herd improvement. 


PUNCH CARD ACCOUNTING IN BREEDING ASSOCIATIONS 

The necessity of using a modem means of record keeping cannot 
be overemphasized. A gold mine of information, most of it essential, 
die rest highly useful, is provided by a punch card system of the 
type that the larger breeding organizations have installed in various 
countries. The method of operation and the great advantages Rc- 
‘ cruingareoutlinedbelowinareportby Robert A. Bmemmer (1939), 
office manager. Southern Illinois Breeding Association: 

“In breeding associations that breed over 50,(XX) cows per year 
it seems practical to adopt a punch card system of accounting and 
statistical work than to resort to any other system of record keep- 
ing. It is necessary to have at least 50,000 cows per year because 
the cost of this system, with the basic machines necessary, is about 
$750 per month or $9,000 per year. This same basic system which 
includes an 026 IBM key punch. 024 IBM verifier, 082 IBM sorter, 
077 IBM collator, 403 IBM accounting machine, and 514 IBM re- 
producing punch will easily handle 125,000 first services per year, 
and with the addition of another (fe6 key punch will probably handle 
well over 200,000 first services per year. Three people are necessary to 
operate the basic system, and four would be necessary to operate the 
sli^y enlarged system with the additional 028 key punch. 

The Southern Illinois Breeding Association is a good example of 
one that is using the above-described system. Before IBM machines 
were adopted, all billing, sire analysis, technician efficiency, monthly 
operatmg reports, member equity records, and any other records 
were kept by hand. It was necessary to have nine girls in the office, 
hel^d. Since the switch to IBM, two girls 
the office manager do aU of the work formerly done by the nine 

^t^"^ ® 

mJ-hrv? and cheaper than the hand 



SOUTHKN ILLINOIS iMIDING ASSOCIATION 
TCCHNIOAN OAAY lEPORT 



ng„n SI. Technician doiljr report Fom used by Ihe Southera IHmob Sceeding Associcflion. 
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numbers. These numbers eliminate a lot of punching and speed up 
he operation considerably. For example^ it is much faster and sim- 
pler to punch bull number 1-30 than to pt^nch the name U N H 
Quartermaster, and to the personnel the number 1 means that it is 
a Holstein, and the number 36 is Quartermaster, thus 1-36 = U N H 


Quartermaster. 

“At the Southern Ilimois Breeding Association all technicians send 
in a daily report. This daily report gives the office all information, 
in code, in the same order that it is to be punched into the IBM 
card. Two changes have been necessary in the original card design. 
Immediately after these cards are punched^ they are sent to the 
verifier where a different girl punches the same information. If the 
cards are correct, they will go throu^ the machine and a notch will 
be cut in the end of the card and it will be ready for further use. 
After all of the cards have been punched for all sales areas foT one 
day, a daily audit and daily accounts receivable register can be run. 
These reports must agree with tape totals taken from the original 
daily reports sent in by the technicians. 

“The dally audit now run on the 403 accounting machine, shows 
the sales area no., member account no., breeding receipt no., regis- 
tration or ear tag no., amount of charge, breed of cow, if cow is reg- 
istered or grade, bull used, present technician no. brewing the cow, 
service no , dale of previous service, previous bull used, code no. of 
previous technician, repeat code, and in the first card of each day 
the total no of miles driven for that particular sales area. The totals 
on this daily audit must agree with the tape totals on the daily 
reports. 


After the daily audit is run, the first service cards afe separatee 
rom t e repeats on the 082 sorter. The first service cards are th^i 
sorted by account no. within sales area. The repeat cards are re 
produced on the 514 reproducer transposing service date, and pre 
vious service date, bull used, and previous bull used, and technician 
and previous technician. The ongipal repeat cards are filed in th. 

reproduced cards are filed for f urtlie 
modri!l f reproduced just as they are. The re 

produ^d cards are filed with the reproduced repeats. Ld the origi 

r“,eTeX “ reach, ue^here an account 

"The accounts receivable register shows the members name, ea 
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tag or registration no. of the cow, sales area, memljer’s account no., 
date of service, and amount of charge. The total charges must again 
agree with tire tape totals from tire daily report. These cards are 
then taken to the 077 collator, where they are merged into an open 
item file consisting of all charges not paid by members. 

“Tire payments that cattie In with the daily reports are sorted into 
accorrnt no. within sales, and charges in the amount of these pay- 
ments are pulled by hand from the operr item file. These cards are 
then sent to the 514 reproducing punch, where the date paid is 
pitnched into them. After this they are sent to the, 403 accounting 
machine where a cash receipts register is run. 

“The cash receipts register shows the member’s name, ear tag or 
registration no. of the cosv, sales area, member’s account no., date of 
payment, and amount of payment. The total payments must also 
agree with tlie tape totals from the daily reports. At the end of the 
month all cards remaining in the open item file are merged on the 
077 collator with a rriaster name and address file, and statements are 
then prepared on the 403 accounting machine. The daily audit, ac- 
counts receivable, cash receipts, and billing 'steps are necessary only 
in offices that have centralized billing and can be eliminated in any 
organization that has billing on a local basis. For the most efficient 
operation it seems that the basic machines described are necessary 
even if billing is eliminated. 

“At the end of each month it is a simple matter to run an operating 
leport showing first services, 2X sen'icCs, 3X services, and 4X and 
over sers'ices by breed for each sales area. This is done by sorting on 
the 082 sorter all reproduced cards, first by breed of bull used, then 
by sales area. 

“After the operating report is completed, the cards arc agaiii 
sorted by dale and then by bull number. After this, the cards are 
taken to the tabulator, and breeding cnicicnc>’ is run by bull by 
day, and summary cards are punched and nin through the tabulator, ' 
and the sire elfieiency Is nm by bull by month. Nest comes the sire 
clFiciency by breed by month. Thus it is possible to see how any one 
bull is doing in any one day or month, and breed efficiency is also 
available for the month. 

Tile same cards used to make up the sire analysis are now sorted 
again liy tcclinician number. These cards arc then t.akcn to the 




Flgur* 83, Record keeping U enenllal to on elTKteitt orllflclol breeding program. Thli tiro or local efliclency record (orm It uted by the 
Kortheotlerrt RenniyUonla Breeding CooperotWe< TunkhottnocV, »(hlch bot achieved lop conception ralet in the herds of lit members. 
Ihe word "locol" con mean o county or a district or o subslotlon or any other typo of afRIIote of the organization which dispenses 
semen, the word "drowtng" Is synonymous wIlH "collection,'* the lersn more widely uted. 
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tabulator, and technician efficiency is run. This report tells us how' 
each technician is doing each month. 

"At the end of each year the cards for the entire year are run 
through the accounting machine, and a summary card is punched 
automatically on the reproducing punch giving the members ac- 
count no. and total number of first services for each year. The sum- 
mary punched cards are used to make out the member’s dividend 
equity checks or to send out notices of advice telling members the 
amount of dividend held for them during the last fiscal year. 

“The name and address cards used in preparing statements are also 
used to make labels .for publications or any type of special mailing 
going out to all members. Labels are also run on the IBM machine 
for all semen packages shipped from the association. 

“Many other statistical or accounting chores can be done with the 
type of machine described.” 


TECHNICIAN TRAINING 

Sometimes the highly important program of training technicians 
is conducted as a short course by a state college of agriculture. In 
other cases it is supervised by the manager with the aid of the most 
experienced of the technical staff of the central breeding organiza- 
tion. The following training schedule reported by Albretsen (1958) 
is representative of those usually given in various parts of the United 
States from one to four times per year, depending on the need. 
Cornell University was one of the pioneers in inaugurating this 
highly essential type of educational program. 


Schedule of Tdaininc Couose for 
Aiuificial Insemination Technicians 

'("Given at Cornell University) 


Morning 
9 ; 00 - 10.00 
10.00-11:00 
11 : 00 - 12':00 
Afternoon 
1 : 00 - 2:30 
2 : 30 - 4:30 


hiondatj ( 

Enrollment 

The development of artificial insemination 
Attachment of siccx'c and glove 

Anatomy of the reproductive tract of the cow 
Functions of the female rcproductis'C tract 
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Schedule of Traininc Course for 
Artificial Insemination Technicians (Continued) 

Tuesday 

Mommg 

8 30-12 00 Bull reproductive physiology, bull semen— its production, 
characteristics, dilution, and storage (Breeding Lab ) 

Afternoon 

1 00- 2 30 Equipment used and procedures followed in mseimna 

bon at the farm 

2 30- 3 30 Insemmabon demonstrabon 

3 30- 5 00 Practice with covs reproducbve tracts 

Wednesday 

Insemmabon pracbce 

Exammabon of technicians (Quiz 1) 

Milk Production Records and their relabon to the A B 
program 

The problem of sterility and disease in cattle 
Thursday 

Insenunaljon pracbce 

Prinaples of hvestock improvement through breeding 
Tour of Dairy Records Processmg Center 

Friday 

Insemmabon pracbce 

Exammabon of technicians (Quiz 2) 
regulations 

mg receipts, herd books, and non returns (concep- 
bon rate) 

Saturday 

Nlommg 

9 00-12 00 T)-pe appraisal demomlratioii and discussion 
ifonday 

Morning 

s 00-12 00 Insemination piacocc 


Mommg 
8 00-12 00 
Afternoon 
100- 130 
130- 3 00 

300- 430 

Mormng 
8 00-12 00 
Afternoon 
1 00- 3 00 
3 00- 4 00 

Mommg 
8 00-12 00 
Afternoon 
100-130 
1 30- 300 
3 00- 5 00 



Afternoon 
I 1:00- SiOO 

2:00- 3:00 
3:00- 5:00 


' Morning 
8 : 00 - 12:00 
Afternoon 
1:00- 3:00 
3:00- 5:00 


Morning 

8 : 00 - 12:00 

Afternoon 

l:lS-4:30 


Morning 
8 : 00 - 12:00 
Afternoon 
1:00- 1:30 
1'.30- 2.;0Q 
2:00-i 2:30 
2:30- 4:00 


Morning 
8 : 00 - 12:00 
Afternoon 
1:00- 3:00 
3:00- 3:30 
6 : 00 - 8:00 


Morning 

9.00-10.00 

10.00-11:00 

11 : 00 - 12:00 
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Timing and other management factors related to breed- 
ing (optimum time to inseminate) 

Developing good membership and public relations 
Inheritance of production 

Tuesday , 

Insemination practice 

Artificial insemination production results 
Discussion of research projects 

V/ednesdatj 

Insemination practice 

Laboratory on financial records 

Thursday 

Insemination practice 

Examination of technicians (Quiz 3) 

Using frOTCn semen in the held 
Ear-tagging (cow identification) 

Type and production standards for sires 

Friday 

Insemination practice 

Final Examination 
Picture taken 
Banquet 

Saturday 

licvicw of final exam 

You and the Artificial Insemination Program 
Discussion of apprentice training 
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ANNUAL MEETINGS AND REPOnTS 

Among the notable characteristics of progress making breeding 
groups are well attended annual meetings These stem from a pro- 
gram agenda that is meaningful and attention getting in makeup, 
and widely publicized well in advance It is the occasion to recount 
both achievements and obstacles, rewards and penalties With few 
exceptions, the penod since 1938 has been one of advancement in 
many countries for most of the organizations, once they began to 
draw m their lines avoid some of the duplication of effort and create 
larger, more efficient operating units Fairly typical of the reports 
given by managers are the following excerpts from the one by 
Marshall C Carpenter (1958) of the Kentucky Artificial Breeding 
Association Inc 


Your association can again say “the best >ear c\er“ This has been 
a constant statement for most of the years of our history However, this 
year marks the most accelerated rate of growth since 1951 We bred 
89 300 cows the past year, which is a 133 per cent increase over last 
year s 78 800 1 know it wouldn t have happened if service had been poor 
or AB daughters were unsatisfactory 
1 would like to summarize briefly the years happenings with some of 
my interpretations 

All breeds increased m service numbers The use of the beef breed 
may be surprising but this is following the national trend and demon 
sUales how an industry can render more services than those originally 
planned 


Higher Services per bull averaged 2,320 compared 
to 1 980 last year This is a big increase and it puts us near the national 
average 

Eight of our hulU were bred to 45000 cows or over half the total 
One proved hull was bred to 11329 cows for a new high yearly total 
lor our association ® ^ 

flppd^ 7 w ^ efficiency has had its greatest impros ement this year It aver 
£ 1 in r T the Brst ten months 

year a^d t ™ h V""/ 3 » per cent nnprovement over last 

£.ty P'^nn'ylvama State Un. 

pe?£‘'nr fine® “ ““ H«eford bulls They averaged 774 

stand hut seeL rbe™£iri« sTafr'"^ 
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We have been fortunate to have our bulls stay in service longer than 
the ^ee-year average of the United States in artificial breeding. Our 
depreciation figures of 20 to 25 per cent have been reliable. Seven new 
bulls were added this year. 

As artificial breeding increases, the number of good association*proved 
sires available increases. The studs are tending to prove more yoimg 
bulls. 

The locals have remained constant as to the number operating in Ken- 
tucky. There has been a continued trend to have more full-time men. 
We have 11 locals using two full-time men, and practically all have a 
relief man. 

I made a study of the years’ experience of our technicians. The ones 
working now have a total of 291 years’ work, or an average of four years 
and eight months service. You can see the average memoer is getting 
service of an experienced man. One technician has now bred over 36,000 
cows. 

"New Semen Diluter, New methods have been adopted this year that, 
have been very important in improving service for members. 

The milk glycerated semen has increased breeding efBciency and also 
the time semen can be used. It has made semen useable for four or 
five days with results equal or better than two days’ use previously. A 
study of this process shows a breeding eflRciency of 72.9 per cent on 
51,800 services. It was 67.8 per cent on the 22,800 services by the old 
process. 

The bull power studies were a great aid to our industry. They show 
that many bulls can be used twice weekly. The total services or sperm 
prodqction is increased by 67 per cent by this process. 

Seven bulls are now on this twice weekly collection, making their 
service available every day and at no more cost. It is possible to collect, 
process, and ship enough semen from one bull to breed 80,000 cows in 
one year. I make this statement based on present procedures used and 
the knowledge that one hull can produce 800 billion sperm yearly. 

Summarizing, this year shows a great rate of gain in service number. 
The goal for next year is 100,000 cows. One month of year is complete 
with an increase that indicates we can do It. We must realize it takes 
planning and good service. It is too easy to relax and expect increases will 
naturally follow. 

We have the best average group of technicians in our history. Local 
boards are helping more in promotion and public relations. All these 
factors added together can insure success for the vital service contact 
at the local level. 
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The following excerpts arc from a report by Max Drake of the 
Northern Ohio Breeding Association m 1959 Mp Drake is anothef 
manager with twenty years of expcnence^-His statements likewise 
reflect an abiding enthusiasm for the artificial insemination project 
and an intelligent interest in the further improvement of techniques 
and methods of operation as a means of increasing members* bene- 
fits 


We have been on a 100 per cent frozen semen program for 18 months 
and think it is tfie most important development in artificial breeding 
since its inception The conversion from liquid to frozen semen was 
made without loss of conception rate As a result we have been furnishing 
the semen of any bull at any time to any member or patron 
This by necessity in an organization as large as ours, means that we 
had to adopt a pnang pohey consistent to keep supply and demand in 
hne, in order to make such a choice of bull program feasible No bull m 
our stud can be stretched to meet the demands if he happens to be 
unusually popular and at the same tune a bull of good conception rate 
As a result we have bulb at $6 $7 $8 and $10 fees to our own members, 
and it IS a program that selb itself very well 1 anticipate that as tim? 
goes on and we grow in size we will probably have greater diff erences 
in bull evaluations or at least service fees different from these here quoted 
1 can very easily see where a real top sire might be pncCd to our mem 
bers at considerably above $10 Actually, I know of no other way to 
ration such a bull on a fair and equitable basis 
Our association is now equipped to do a job with frozen semen Ad 
nutting the merits of one or two of the best liquid semen programs now 
operating we would not now be interested m returning to such Our 
next step would have to be one of very considerable improvement, con 
ceivably drying etc 


luahty We have come to 
on an *■ Studying most of the records of our recent services 

meTumT r?, dJfereoce between good bulk and 

Str buUh,Mb u o" Ml ddference 

'“'Sely m the proportmn of good and 
irml oToor.o^^rTo*’"''^*’''”'^ Fo^.^oce m studying 

Toonmg conception m the 70 “i^lently 

ejaculate basis Rm week after week on an 

one of these eiaenlai i ^ would go wrong and we would find 

urable difference in that « obviously, there was some meas 

to semen and we didn t catch it. nor do I believe 
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that any of the present methods of semen evaluation would catch it. At 
the same time, I remember a particular Jersey bull, whose conception 
was always below the average for that breed, and yet, about a third of 
his ejaculates were rated in the 70 to ^ per cent conception. This means, 
that if we had some method of accurately identifying th6se medium to 
poor ejaculates and discarding them he would have been one of the 
good conception bulls in qur stud. Our semen quality determinations are 
based on the use of the microscope and the photelometer. 

Our normal procedure of breeding cows hasn’t varied a great deal 
Over the years. We still try to inseminate the “in heat” a.m. cows sometime 
during the'day and, normally, to try to care for the cows of the previous 
P.M. and evening the first thing in the morning. We have some men who 
do cover their territory twice per day, and it is possible in my mind that 
we may be reaching some of these cows too soon. 
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Frozen Semen 


H A HERMAN 


^Vhen we speak of frozen semen, we refer to semen frozen and 
preserved at -79* C , utilizing dry ice and alcohol as refrigerant, or 
semen preserved at —196* C in liquid nitrogen containers Both 
methods are in common use m the United States Many breeding 
organizations in Europe use dry ice and alcohol to provide a storage 
medium, and many also use liquid air, which, Lke liquid nitrogen, 
can provide storage at around -190* C Liquid CO 2 also may be 
used ^ 


ADVANTAGES OF FROZEN SEMEN 

The use of frozen semen is one of the spectacular developments 
m modern day artificial insemination programs The artificial in- 
hanriT ■" P^fhcular. has been greatly en 

manv andh advantages are 

at all time ° involved m maintaining fresh semen 

Cid s™;nT" “ “"^'dered a most important adjunct to 
of their local ^ organizations Some organizations, because 
Ine^a Im '™; ^''■PP>ng problems, have in- 

SHlU Thistre^^dw'mLnl’in™ '^'I'sfactory re- 

1 ''w “re 

cauuse\hesuTo/Clo!^S»Xe® " 
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2. Frozen semen is valuable in carrying on the influence of sires 
long after they are gone. Semen stored in the frozen state for three 
to over four years has successfully been used and living calves pro- 
duced. 

3. Frozen semen permits almost 100 per cent utilization of the 
semen from a given sire. No semen need be discarded because of 
age, as is true with liquid semen. 

4. Transportation costs of semen from the bull stud to area tech- 
nicians is greatly reduced. Instead of daily or every-other-day ship- 
ments of liquid semen, the technician may have his supply of semen 
from selected bulls replenished every two or three weeks. Trans- 
portation of frozen semen is by truck, railway express, and parcel 
post. The cost of delivery of semen cannot be taken lightly; it is 
a major expense for most organizations. Full-fledged frozen semen 
organizations deliver frozen semen by truck on regular schedule. 
It is a growing program. 

5. Selected matings to sires in widely located areas are possible. 
It is even possible to make matings to bulls on the Channel Islands, 
Holland, and England with cows in the United States. Shipment 
from coast to coast and throughout the world is now common prac- 
tice. 

6. Disease control, especially with respect to frozen semen, has 
been a point of question. It is known that freezing does not kill Vibrio 
fetus organisms, but Dr. W. N. Plastridge, of the Connecticut Ex- 
periment Station, and Dr. H. L. -Gilman, of Cornell University, in 
exhaustive trials with virgin heifers have been unable to demonstrate 
Vibrio transmission in a single instance. It must be realized that 
bulls in general artificial insemination use are carefully checked by 
periodic examinations for Vibrio fetus, trichomoniasis, and general 
venereal diseases. Infected bulls are not employed. 

HISTOny OF FBOZEN SEMEN 

Davenport recorded in 1897 that human spermatozoa would sur- 
vive freezing at —17° C. This observation received little attention, 
and it was not until 1938 that further work was reported. At this 
time Luyet and Hodapp (1938) found that a large percentage of 
frog sperm showed motility after being frozen. They first parti.illy 
dehydrated the sperm in 2M sucrose, then immersed it in liquid air. 
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f/g«r# 8J. Ffoten ttmen wai lo iniaminots Ihs dam ot thti Holdeln heiw* 
a third g«nerati«n artificial ifiMmlAotten product. Whsn $h® wet borO/ In 1958, h«f 
fire hod been dead over four year*. (Cevrfeiy New York ArliTioel f reeding Coop- 
erelirc ) 

and later thawed it rapidly by plunging the semen into a mediuiri 
warmed to 20 C. Tlris technique was based on instantaneous freez- 
ing in order to secure vitrification rather than crystallization of the 
intracellular water. 

Another worker, F. Jahnel (1938). reported some success in re- 
wvmg human sperm which had been frozen in glass tubes fot 40 
0 '"P‘ periods at -196° C. 

. He apparently did not take any precautions to insure 
-utmost rapidity of freezing and thawing. 

antTGehenio appeared in 
MU. It contains mformation on the ability of a variety of organisms 

Luyet reports that the 

iormation nl°- depends on precenting, the 

^hZe, by dehydrating the 

aet£ nom'i"® ““«"g -d rerZning. 

ShetUes (1940) attempted to revive human semen after it had 
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been frozen to temperatures of —79° C., —196° C., and- —269° C. 
He obtained a low percentage of motile ^perm, and emphasized that 
semen should be as fresh as possible at the time of freezing. 

ShafFner et al. (1941) froze fowl sperm to —70° C. after partially 
dehydrating it and adding levulose. About one-third of the sperm 
could be revived. 

Hoagland and Pincus (1942) used a variety bf plasmolyzing solu- 
tions. Freezing was accomplished in liquid nitrogeri at —195° C., 
and thawing by plunging into a medium at 35° C. Better results were 
obtained with human than rat, nroose, guinea pig, rabbit, or bull 
sperm. However, the revival rate was poor. ■ 

I True storage of frozen semen was investigated in 1945 by Parkes 
I at the National Institute for Medical Research, Hampstead, England. 
He noted that previous unsuccessfuTattempts had been made with 
the seme* in thin films or small-bore capijlary tubing, and so he de- 
signed an experiment to compare the freezing of human semen in 
•small-diameter capillary tubes with the freezing of semen in larger 
tubes. Successful results were obtained at — 79° C. and — 196°C. 
with the larger tubing, but not with the smaller. Parkes was able to 
freeze human semen in ampoules and maintain them for two to eight 
days at -79° C. An abundance of spermatozoa survived when 
thawed. No record of fertility of this semen was obtained. 

In 1949 the Engli^ workers, Polge, Smith, and Parkes, reported 
that glycerol-containing diluents made possible the complete re- 
vival of motility in fowl spermatozoa kept at —79° C. for long 
periods. They aUo state that glycerol assists the survival of human 
sperm. 

Smith,and Polge (1950b) found glycerol to be outstanding among 
polyhydric alcohols aild their derivatives in protecting spermatozoa 
against low temperatures. These workers indicate . that glycerol 
modifies the process of ice crystal formation and dissoluUon in the 
medium,' so that the damage due ^ pressure and other mechanical 
effects is reduced. Glycerol was found to have a deleterious effect 
on the fertilizing capacity of fowl sperm, but tliis has not been found 
true for other species. Cattle semen is one of the notable exceptions. 

Glycerol permits safe freezing. .Smitli and Polge (1950a) investi- 
gated the storage of bull and goat spermatozoa at low temperatures. 
Ten per cent and IS per cent glycerol-sodium citrate buffered bull 
semen mixtures cooled slowly from 2° C. to -t79° C. and then thawed 
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showed 50 to 90 per cent survival Ninety per cent revivals were 
obtained m samples containing 15 per cent glycerol and cooled in 
14 stages of two and one half minutes each Storage at 2* C after 
thawing resulted in a reduction of motility after 24 hours as com- 
pared with unfrozen controls Goat spermatozoa behave similarly 

The first real success with bull semen was reported by Stewart 
in 1951 One calf was produced among many attempts at fertiliza- 
tion using frozen semen 

The effects of glycerol on unfrozen bull semen were investigated 
byPolge and Rowson (1952), and they found that it did not di- 
minish fertilizing capacity In fact, the pregnancy rate of semen con- 
taining 15 per cent glycerol was 76 per cent, whereas similar semen 
without glycerol gave a rale of 50 per cent 


FREEZING SEMES 


The method of semen freezing as adapted by the Bntish workers 
IS described by C Polge, London, this is essentially the method 
followed by most Amencan workers to dale 

I Immediately after collection, dilute the semen with a diluent made 
up of 50 per cent egg yolk and 50 per cent by volume of 2 94 per cent 
sodium Citrate (dihydnde) soluUon Usual dilution rate-1 1 at normal 
room temperature 

II Cool diluted semen m refrigerator for three to five hours Tern 
perature 5" C 

III Dilute 1 1 with 16 per cent glycerol by volume m 2 94 per cent 
somurn citrate solution Temperature 5® C Add 0^ mg of streptomycin 
sulfate per ml Fmal concentration is then 8 per cent glycerol. 25 per 
cent egg yolk, 22 per cent sodium atrate solution (Some workers add 
glycerol in 5-3-1 portions over a penod of several hours It is not clear 
how advantageous if at all this procedure may be ) 

i#i 7 period of 6 to 20 hours at 5® C Most workers prefer 

hourj Best results seem to indicate a 16 to 20-hour equihbration 

V Padage semen m vials or ampoules for freezme Label properly 
ner mmiii/f”* alcohol (or acetone) at rate of 1® C 

and the hmi t. ^ ® critical stage in the process, 

ing Caubon-TAe whole secret of cell freez 

tvith glycerol actt^^ of water in the cells and to freeze rapidly, 

tvitn glycerol acting as a protective agent, to the vitreous state 
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B, Freeze from —15° C. to —70° C. at the rate of —3° to 4° C. per 
minute. 

VII. Store at —79° C. or below. The storage temperature is important. 
Cells cannot he warmed and refrozen. A temperature rise above —65° C. 
renders cells less fertile. Continuous storage temperatures of —70° to 
—79° C. or below are necessary. 

VIII. To use frozen semen— Place the ampoule of frozen semen in water 
at 5° C. for a few minutes. Then use in the usual manner: Many techni- 
cians carry a ‘container of water and ice cubes so as to thaw the semen 
between farms. This is possible where the sire to be used has been 
designated. 

The abovp procedure for processing, freezing, and storing semen 
IS standard technique, but at the same time modifications are made 
by many operators. The percentage of glycerin used may vary from 
7 to 12 per cent by volume, the equilibration time from 6 to 20 
hours, and the percentage of egg yolk from 20 to 25, with apparently 
equally successful results. 

Persons expecting to freeze semen should study the procedure 
carefully and adopt the operation best adapted to their needs. The 
references in this field are voluminous, but some of the most perti- 
,nent are listed at the end of this chapter. 

EXTENDEBS FOR FROZEN SEMEN 

Egg yolk-citrate extender dr milk extender (diluler) may be used 
for frozen semen with equal satisfaction. 

New Jersey Agricultural Experiment Station Circular 573, issued 
in 1955, outlines the steps for preparing each type of extender, and 
these are repeated here: 

I. Egg Yolk Diluter Preparation (Solution A). Transfer the yolks 
of four fresh eggs into a 250-mI. graduated cylinder; add an equal 
volume of sterile, distilled water; mix thoroughly, and allow to stand 
for a few minutes. 

(Sohition B). To a 100-ml. graduated cylinder, add 40 ml. of solu- 
tion A, 2 gm. of sodium citrate dihydratc, 100 mg. of streptomycin 
sulfate; and make up to a total of 100 ml. with sterile distilled water. 
Mix thoroughly. 

(Solution C). To a 100-ml. graduated cylinder, add 14 ml. of 
glycerol, 40 ml. of solution A, 2 gm. of sodium citrate dihydrate; and 
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make up to a total of 100 ml with stenie distilled water Mix thor- 
oughly 

By combining equal quantities of solutions B and a dilutcr of 
the following final composition will be formed 20 per cent egg yolk, 
2 per cent sodium citrate dihydrale, 7 per cent glycerol, and 0 5 mg 
of streptomycin sulfate per ml 

II Milk Diluter Preparation (Solution A) Heat whole, homog- 
enized, pasteurized milk in a double boiler to 92® to 96* C for 
ten minutes and cool 

(SoiufionB) To each 100 ml of solution A, add 100 mg of strep 
tomycin sulfate 

(SoiufjonC) ToalOO-ml graduated cylinder, add 16 ml of glyc- 
erol and 84 ml of solution A, mix thoroughly 

By combining equal quantities of solutions B and C, a diluter of 
the following final composition will be formed 92 per cent heated, 
whole, homogenized milk, 8 per cent glycerol, and 0 5 mg of strep- 
tomycin sulfate per ml 


PROCESSING A!^ FREEZING EQUIPMENT 

The equipment for processing semen can be purchased from the 
various suppliers of materials used in the artificial insemination 
field and laboratory supply houses Advertisements of same are 
ound in The A I Digest Information may also be obtained from 
t e nearest agricultural experiment station or artificial breeding or- 
ganization 

■ae usual freezing equipment consists of a cooling bath, equipped 
wi *’^ck to mamtain semen in place in flasks during the 

period, flasks and graduated cylinders for measuring 
“f <•>' extender, glycerol, and semen, am- 
1 fT- 1 ^ 1-2 ">1 . lo. packaging the 

Amtoules* suitable doses for insemination 

tered numb permanently labeled and carry name and regis- 

pbeVoTat^n^ f " "'b ^ mk m^be used, or sup- 

machmesZ ”7 l>e permanently labeled nere are marking 
operate satisfactorily for large 

ef a sealing mTchiM'^S^ ™ “5'Sen gas burner, or by means 
g maclnne This equipment is easily procurable 
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Wire racks are necessaiy to hold the ampoules during fiee7ing 
These racks should be the same size to fit into peimancnt storage 
faoilities 

The semen m the ampoules is frozen by placing the lacks m a 
bath of isopiopyl alcohol, oi acetone, and adding diy ice a bit at a 
time to control the freezing late As mentioned, the temperature is 
lowered about 1° C pei minute between 5° C and 15° C , and 
3° to 4° C per minute between —15° C and —79° C 
A mechanical agitator assembly, a dial thermometei, lange 
-100° C to +40° C , and a clock to legulate timing will gieatly 
facilitate the freezing piocedurc and aid in unifoim results 
After fieezing, the ampoules m then lachs are transferied im- 
meihateh/ to storage facilities The temperature is maintained at 
--79° C oi below at all times until the semen is used for insemina- 
tion 


FnOZEN SEMEN nEFnlCEnATlON 

Dry Ice and Alcohol. For most stoiage of frozen semen, dry ice 
and alcohol, which will maintain a maximum low temperature of 
— 79° C , are employed most widely today However, the use of 
liquid nitrogen, liquid air, or liquid carbon dioxide, or niechanical 
refngeration, is becoming more prexaleiit No doubt there will be 
manj changes in equipment as our experience increases m this field 
The advantages of dry ice and alcohol as a refiigcrant arc that the 
procedure is simple, equipment is fairly cheap, and storage contain- 
ers come 111 various sizes and can thus fit many opeiations in the 
field 

Disadvantages are that a constant supply of dry ice must be avail- 
able This IS not always possible- particularly in isolated areas and 
some foreign lands It is also necessary to keep a constant check 
on the dry- ice and keep the storage equipment properly supplied, 
or the entire batch of semen may he lost 
Vacuum Jar. For occasional matings, or in order to keep a small 
supply of frozen semen on hand for immediate herd use, the herd 
owaier will find the one-gallon, rack-fitted, vacuum jar satisfactory 
and economical (see Figure 8-1) The jar must he kept well supplied 
with dry ice and alcohol As a rule, such )ars need to lie rc-iced alxint 
cv ery three or four day s 
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Unwffl IK Co, BofobM wLeon^')* •'"oH qvontitlot cf froitn tom^n 


8S, are avaihWefn Slot's sfirf* ‘''“*‘ratcd in Fign 

Semen is removed from '"PP'y houses 

as to prevent wamnntr containers by means of forceps i 

alternate for dry jce EIp Mechanical refrigeration is used as t 
foot to 54Krubic foot . J!; ?u are asailable m 1-ciib 

frozen semen ’ ^ argest will hold 57,600 ampoules i 



Fjgure 6S Thli frozen semen chest made of polystyrene will hold 1,200 ampoules 
It requires 50 pounds of dry ice and 5 gallons of alcohol 

The lai'ger mechanical lefngerators are used for central storage, 
usually at thehe«adquaiters of an artificial insemination organization 
The smaller mechanical units, 2 to 5 cubic foot capacity, are used 
to supply technicians, often several, operating out of a field office 
The smaller units, and likewise diy ice and alcohol' storage units, 
are replenished with semen froiri the central storage 

Large mechanical and large dry ice alcohol storage chests are used 
for “custom’ storage If a power failure occurs, dry ice is often used 
to supplement a mechanical box Some organizations maintain an 
auxiliary Diesel power unit to supply electricity under emergency 
conditions 

Liquid Nitrogen Liquid nitrogen is the fourth coldest substance 
known At atmospheric pressure it has a boiling point of —196® C 
( -320° r ) 

Growing evidence indicates that temperatures below —79° C 
(110° F ), which IS the physical limit of dry ice and alcohol, may 
be most desirable for semen storage 

Dry Icc Versus Liquid Nitrogen. American Breeders Service, Chi- 
cago, Illinois, the largest artificial insemination organization in tlie 
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operolj^.to'roTunl" ''“"V*'™" hom the 5<<ub c fool eltclrltolly 

unit hold* over 57 000°omo' . Breed ng Aitoclot on Colombu* Th i 

.ol...mperrt!;eot^,°"! " on "-ck "Pn- 


rigyTg^imtaM 

volvng some 1 inn tpnl,„ P“ «nt frozen semen program m 
States and ahmad t 1 2 million cows m the United 

introduced and are 1?”* and appropnate containers were 

71^ perctTonTeoTloT'’ 

“WS on a first service basis ^ ^ 
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Figure B7, Uquid nitrogen shipping and storing confoiners of Amerleon Breeders 
Service, Madison, Wisconsin Electronic recorders In eoch contolner ossure enough 
liquid nitrogen to maintain the 40,000 ampoules in good condition until orriva! at 
their destinotion as much as two months later 


Larson and Graham (1958) iludied 75-day first service non-re- 
turns on about 1,000 cows on the artificial insemination program in 
Minnesota and found that dry ice-alcohol storage (— 79“C.) gave 
69.3 per cent non-returns, and split samples of semen stored by 
liquid nitrogen ( — 196° C.) gave 71.9 per cent. They did not con- 
sider the results statistically significant. Pichett et ah (1959) in 
Connecticut conducted an investigation employing the "split sample 
technique to test semen preserved with liquid nitrogen. They used 
liquid, but glycerolated semen for the control animals. On a 60 
to 90-day non-rctum basis, they found, that the non-return per- 
centage was 77.7 for 332 cows inseminated with liquid semen. On 
329 cows inseminated with frozen semen stored in liquid nitrogen 
containers the non-return percentage was 72 9. The authors did 
not consider the non-rctum diifcrcnccs between the two methods 
significant and that either method provided satisfaclor>' storage. 

Liquid nitrogen storage drums for frozen semen may now be ol>- 
tallied from several concerns, and in the future more rev'cahng in- 
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formation on the advantage of extremely low temperatures should 
be forthcoming 

Liquid Air. Many European workers are using liquid air as a re- 
fngerant for frozen semen The process is adequately described by 
B R van WulftenPalthe (1959) Liquid air provides a’holding tem- 
perature below — 150° C , that is, temperatures comparable to those 
of liquid nitrogen, moreover, fairly trouble free equipment can be 
used, and dry ice is not needed for central storage on a long time 
basis 

Liquid Carbon Dioxide. Equipment utilizing liquid carbon dioxide 
as the refrigerant for frozen semen is available The temperatures 
are as low as those for dry ice, or may be lower under pressure An 
important practical advantage of this equipment is that it is free of 
mechanical problems Storage chests utilizing liquid carbon dioxide 
are available in sizes that will store 100,000 ampoules of semen Be- 
cause of its simphcity, freedom from mechanical failures, and econ- 
omy of operation, liquid carbon dioxide chests may play an impor- 
tant role in artificial insemination operations in the future 



Frozen Semen 


377 


EFFICIENCY OF FBOZEN SEMEN 

Polge and Rowson (1952) have reported their .results with frozen 
semen in the insemination of 285 cows. The conception rate (three- 
month non-return) was 66.3 per cent. Semen stored for as long as 
32 weeks was just as good as fresher frozen semen. Inseminations 
were made with samples diluted up to 1:40 and kept at —79° C. 
Therp was no indication of impaired fertility in any of the dilutions. 

Frozen semen usage in the United States indicates probably 2 to 
5 per cent lower non-retums than fresh semen. This figure varies 
greatly with the selection of semen samples and bulls by breeding 
organizations. 

A number of organizations in Canada and the United States have 
been able to achieve equal results with frozen and liquid semen. 

USE OF FROZEN SEMEN 

During 1958, some 51 of the 71 bull studs in -the United States 
utilized frozen semen. Ten bull studs used frozen semen 100 per 
cent. 

Forty-four of 71 bull studs were freezing and storing semen for 
cooperating breeders on a custom basi» 

Inventories made by The Holstein-Friesian Association of Amer- 
ica, Braltleboro, Vermont, which has 47 per cent of its registration 
from artificial insemination service, showed that in 1958: 

1. 608,994 ampoules of semen from 780 bulls were in storage by 
some 51 bull studs. 

2. 522,560 ampoules of semen were in storage as a product of 
509 live bulls; there were, however, 57,808 ampoules from 116 bulls 
that were dead or had gone out of use. 

3. Several calves— Ohio, New York— had been bom four years 
^ter the sire in question was dead. Semen in England has been 
used after four years of storage. 

Tliere does seem to be a slight decline in fertility of frozen semen 
as the length of storage time increases. Tlie drop in fertility seems 
to occur during tlic first few weeks in storage and declines little 
thereafter. The rate at which frozen semen declines in fertility needs 
further research and will be determined in the future. Many cx- 
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penment stations, some on projects supported by the National Asso- 
ciation of Artificial Breeders, are now working on this problem 


CUSTOM FREEZING OF SEMEN 

Many artificial breeding organizations are offenng cattle breeders 
in their vicmit> “custom freezing” service • Custom freezing” offers 
any o^vner of an outstanding bull the opportunity to use such a bull 
for artificial breeding, even after he is dead 
Organizations that practice “custom freezing" will go to the farm, 
collect semen from a bull, evaluate the semen, freeze same if satis 
factory, store the semen, and provide the owner with a supply as 
needed 

This seems a logical step, and a service that any purebred o'vner 
should utilize The artificial breedmg organizations have the equip- 
ment the storage facilities, and expenence in the technique of freez 
mg semen Furthermore, the purebred breeder often can sell semen 
from outstanding bulls through organized artificial breeding organi- 
zations This results in selected matings and satisfactory service 
This tjpe of seiMce is on the increase 
As a rule, purebred breeders who offer services from outstanding 
bulls will fare better by offenng their bulls through the organized 
artificial breeding organizations Tliese organizations are equipped 
to do a complete job and will 'relieve the herd o^vner of the task 
of dispensing semen in a competitive market 

service is available in nearly every part of the 
United States All a herd owner needs to do is get in touch with his 
nearest artifiaal breedmg organization if he desires frozen semen 
service At the present time, over 50 bull studs are freezing semen 
there arc at least three pnvate operators who 
spraal,ze .n collect, on. freezing, and storage 

elnsim t “ 

collected an/f d « wue to have the semen 

breeders I “ healthy and acltve T<» many 

arranz,ne-to wamng m fertihty before 

semen and se^'^' ''r”? frozen Freezing will never improse 

fr™essts:rm™ 1“ ^pp- -- « 
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DISADVANTAGES OF FROZEN SEMEN 

The artificial insemination industry looks upon frozen semen as a' 
very useful tool, which, if used intelligently, can perform miracles • 
in breeding. There are a few disadvantages, however, that need to be 
recognized and proper safeguards exercised. 

Frozen semen may limit the number of bulls used. There is no 
“sure fire” method of selecting bulls for herd improvement except 
the progeny test. This is the program the artificial insemination in- 
dustry seeks to follow. “Get a good proved bull and use him heavily.” 
Pages upon pages of material have been written by students of 
breeding on how to select bulls. This endeavor is commendable, 
but in terms of realistic values, we are still subject to the laws of 
Mendel. Most selection must be based on previous performance; and 
sometimes we do not know the selection intensity— and even these 
values are questionable in many cases. Here is why the frozen semen 
program needs careful screening so that the tremendous advantages 
it affords can be properly utilized: 

1. Some bulls, about one-third, produce semen that will not un- 
dergo the rigors of freezing. Thus, unless we are very careful, we 
may wind up selecting bulls largely on a "fertility basis” and 
ignore some of the better production bulls that may be lower in 
lertilityl Ksnou’s King Posch Neptune, shon-n in Figure 13, is typical 
of the bulls that could be used very heavily. We believe fertility is 
important and should be stressed. However, in the present-day com- 
petitive program in artificial insemination which really demands 
“get the cow settled,” some very great bulls may be lightly used. It 
is a case requiring wisdom and careful judgment. . 

2. Frozen semen is expensivel The cost of dry ice and maintenance 
of a semen bank is a daily expense. Organizations that haVe both a 
liquid and a frozen semen program find their overhead costs in- 
creased because of frozen semen. Yet. we subscribe to the idea that 
frozen semen is the ideal answer for people who want selected 
matings. At present they represent about 10 to IS per cent of the 
dairymen tcho use artificial insemination service. 

3. Heavy utilization of frozen semen limits the number ct sires 
used. It is possible for one sire to have over 100,000 offspring. One 
organization reports four bulls, two still in active service, that have 
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over 100,000 first services Several other sires have achieved this 
distinction There is no argument as to the wasdom of heavy use or 
any hull of greatness so that he can sire many progeny The only 
question is “What sire, or sires should be entrusted with the major 
inheritance of any mans herd^ If our selection methods were per- 
fect, there would be no argument As the picture stands, we would 
advise against the use of too few sires However, when truly great 
bulls are found, even by our present methods of appraisal, their 
heavy use can add much to the genetic "bank account" for cattle 


REGimATlONS FOR PUREBRED DAIRY CATTLE 


The regulations for fresh semen, as set by The Purebred Dairy 
Cattle Association of the United States, place the burden of re 
sponsibility for accuracy and honesty oh the producing organization, 
and these apply equally to frozen semen 
In January, 1934,- representatives of The Purebred Dairy Cattle 
Association and the National Association of Artificial Breeders drew 
up the regulations for frozen semen now in effect They read as 
follou s 


1 ^\^len frozen semen is used, the letters “FS" are to be written in the 
lower right hand comer of the breeding receipt 

2 Semen Producing Businesses freezing semen must keep an in\ entory 
of frozen semen on hand and this inventory available at all times as are 
their other records 


3 Ujwn the disposition of a sire, either by death or sale. Semen Pro- 
ducing Businesses must report the number of ampules of frozen -semen 
on hMd to the breed registry organization involved. 

emen roducing Businesses performing the service of freezing 
^en from sir^Es not owned by the Semen Producing Business must re 
p ^ j e number of ampules frozen, givmg the name and number 

of the sue end the name and address of the owner 

another semen are sold bj- one breeder W 

reqmred Eaeh transfer and the necessary transfer fee are 

F^s- assocraUon fumuhes the necessary Transfer 

semen r^st^' end mvolsang frozen 
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BEEF CATTLE AND FROZEN SEMEN 

Frozen semen is already playing an important role in beef cattle 
breeding. Although beef cattle regulations for registration of pure' 
breds prohibit the use of semen from organized breeding studs but 
do allow three or four persons to own a sire jointly, the owners of 
such a sire may use frozen semen in their own herds whether they 
are neighbors or live in distant stales. 

In 1957, beef semen was utilized in about 11 per cent of all 
artificial inseminations of dairy cattle. This trend will increase as 
long as beef prices are above the milk-feed rates for below-average 
dairy cows. These were largely commercial cattle matings. 

By using frozen semen, the purebred beef producer can utilize 
an outstanding sire in his own herd and still share the sire with a 
friend, counties— or states— away. It is being done every day! 

,^Beef cattle producers have indicated much interest in “a better 
calf crop,” control of breeding troubles. Performance Registry, and' 
Progeny Tested Sires.” The latter are beef bulls whose progeny have 
been recorded for rate of gain. 

This trend will probably continue. Purebred beef cattle breeders 
want the very best sires; the commercial producer wants efficient 
gain. We believe this trend will continue as more beef producers in- 
terest themselves in efficiency of gain. There are roughly two beef 
animals for every dairy animal in the United States. Thus, there is 
opportunity for a vast now program of cattle improvement. 

DISmiBUTlO.V OF FROZEN SEMEN 

It is a foregone conclusion that shipping costs can be materially 
reduced by the use of frozen semen. Tliis is particularly tnie if truck 
transportation is used and replenishment of supplies is necessaiy only' 
every few weeks. Many artificial insemination organizations Tlo de- 
liver frozen semen by truck. American Breeders Service, for ex- 
ample, has a fleet of trucks covering the United States, not only to 
deliver semen but to replenish liquid nitrogen in technicians’ stor- 
age facilities. 
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FOREIGN SHIPMENTS OF FROZEN SEMEN 

Shipment of frozen semen from the United States to Central Amer- 
ica, South America, Mexico, Cuba, and other countries is well estab- 
lished. For the most part, shipments today are to private herd own- 
ers. These countries do not have many large-scale artificial breeding 
organizations, however, a few of the small breeding operations are 
utilizing frozen semen with excellent results. The trend will grow. 

It is logical that the United States should furnish the Latin Ameri- 
can countries with semen from top quality bulls, and the frozen 
semen program can easily do the job. Expenshe buUs imported 
from the United States, Canada, and Europe into South and Central 
America often have a difficult time in becoming acclimated. Many 
are victims of anaplasmosis and local diseases of cattle. In some 
cases, the fertility of semen of the imported sires is greatly reduced 
by submarginal ailments. If frozen semen, rather than the valuable 
sire, can be imported from the North American continent or Europe, 
crosses with native cattle can be achieved just as successfully. The 
frozen semen operations of the artificial insemination program are 
destined to expand to fill needs abroad as well as at home. 


American Breeders Service, Proverf Sire Newsletter, VII (December, 1938). 
Davenport. C B Part I. “Effect of Chemical and Physical Agents Upon Proto 
P asm In ^pertmental Morpholoet/. New York, MacMillan Co , 1897. 

. , an ^ D Hafs Extenders and Techniques for Freezing Bovine 

SpcrmaloMa lour of Dairy Sd . XXXVI ( 19 , 3 ) 

“"uith c ^ "M'm.nao' Breeding BesuIU 

Dunn H O Tl r™ ‘‘"I 577 

sirrmtoL^n Effects of Freezing Bovine 

Sd. XXXVI Agents’'/oHr of Dairy 

feeling the*Bcvi?i,*of^^"™ s' ^'*’'""1”' “f freezing and Factors Af- 

(1033). 397. ' ' ^ Spermatozoa - ;Dur of Dairy Set, XXXVI 

fl A AB Aids Vibrio Control ' ilaarj-. Dairyman. October 25, 1935. 



Frozen Semen ^ 383 

Hennan, H A “Back to Earth on Frozen Semen " Hoard's Dairyman, July 25, 
1955, pp 682-683 

Hennan, H A “Custom Freezing of Semen *’ Hoard’s Dairyman, December 10, 
1956 pp 1196-1197 

Hennan, H A ‘Far Best Results with Frozen Semen ** Hoard's Dairyman, 1958 
Hennan, H A “First to Use All Frozen Semen *’ Hoard’s Dairyman, October 10, 
1955, 914-915. 

Hennan, H A “Frozen Semen Program Grows “ HoartTs Dairyman, March 25, 
1957, pp 322-323 

Hennan, H A ‘ New Regulations for Frozen Semen ” Hoard’s Dairyman, May 
10, 1956, p 494 

Hennan, H A “Regulations on Frozen Semen ’ Hoards Dairyman, Apnl 25, 

1955, p 428 

Herman, H A ‘ Russians Use Artificial Insemination— Low Temperature ” 
Hoard's Dairyman, August 10, 1956, pp 780-781 
Hennan, H A “Use of Frozen Semen Cams ” Hoard’s Dairyman, October 10, 

1956, pp 988-989 

Hennan, H A “Why We Don’t Import Semen ” Hoard’s Dairyman, Novem- 
ber 25. 1957. p 1149 

Hoagland, C S , and G Pincus “Revival of Mammalian Sperm after Im- 
mersion m Liquid Nitrogen “ Jour Cen Physiol , XXV (1942), 337 
Jahnel, F “Uber die Widerstandsf ihigkeit von Menschlichen Spermalozoen 
gegenuber starker Kalte Wiederauftreten der Beweghchkeit nach Ab- 
kuhlung auf -loe* C (flussiger Stickstoff) und — 269 5*C, etwa 37* 
vom absoluten NuUpunkt entfeml (flussiger Helium) ” KUn Wchnschr, 
Heidelberg, XVII (1938), 1273-1274 Anim Breeding Abs . VII (1939), 
71-72 

Larson, G L , and E F Graham, “Effects of Low Temperatures in. Storage 
of Bovine Semen ’ A I Digest. VI (December, 1958) 

Luyet, B J , and E L Hodapp Proc Soc Expt Biol and Med , XXXIX 
(1938), 433 

Luyet. B J.andP M Gehenio Biodynamica, UI (1940), 33 

hle)er, C W “ABS Completes Conversion to Frozen Semen " A I Digest, VI 

(1958) 

Me>er, C W “New Record Established in Artificial Breeding for Dairy Cattle “ 

A I Digest. VII (1959) 

Miller, W J, and N L VnnDemork “Factors Affecting Suraiv-al of Bull 
Spermatozoa at Sub-Zero Ttmpcmtwcs“ Jour of Dairy Sd, X\XVI 
(1953), 577 

Mixncr, J P “Processing. Storing and Shipping Frozen Bull Semen “ Hew 
Jersey Agr Expt Sta Ctr 573 (1955), 15 pp 
Paries. A S Presen.'ation of Human Spermatozoa at Low Temperatures Brit 
Mrrf Jour. 11 (1945), 212. 

Ptcletl. B W , R A Jones. P Heller, W A Ojwan. and D C Cosslee “Prr- 
limtnar\ Studies on Feftilit> of Bull Semen Stored In Liquid Nitrogen “ 

A I Digest. VII (April 1959) 



384 Artificial Insemination of Farm Animals 

Polge, C , and J E Loveloclc. “Preservation of Bull Semen at —79* C ” Vet 
Rec . LXIV (1952), 396 

Polge, C , and A S Parkes “Possibilities of Long-Term Storage of Spermatozoa 
at Low Temperatures " Amm Breeding Abs , KX (1932), 1-5 
Polge, C , and LEA Rowson “Fertilizing Capacity of Bull Spermatozoa after 
Freezing at -79» C ” Nature, CLXIX (1932a), 626 
Polge, C , and LEA Rowson. “Long Term Storage of Bull Semen Frozen at 
Very Low Temperatures (— 79‘C)'' Second Internatl Cong Physiol 
and Pathol of Anim Reprod and A 1, Copenhagen (1952b) 

Polge, C , and L. E A Rowson “Results with Bull Semen Stored at —79* C " 
Vet Rec . LXIV (1932c), 851 

Polge, C , A U Smith, and A S Parkes “Revival of Spermatozoa after Vitnfi- 
cahon and Dehydrabon at Low Temperatures ” Nature, CT.VTV (1949), 
669 


Shaffner, C S Longevity of Fowl Spermatozoa m Frozen Condition “ Science, 
XCVI (1942), 337 

Shaffner, C S Personal communication (1953) 

Shaffner, C S . E W Henderson, and C C Card, “Viability of Spermatozoa of 
of the Chicken under Various Environment Conditions “ Poultry Sd , XX 
(1941), 259-265 

Sherta, L. B The Respirahon of Human Spermatozoa and Their Response to 
ilSm I°aT Thytioi, CXXVIH 

Snelling CWIm D ‘Uquid Nitrogen and Its Apphcahon to Frozen Semen” 

A. I DIgert, V (December, 195?). 8-9 

T’l” ^ McCartney, and L. Ratcliff The Stomge of Bovme 
(1933), 5^ Temperatures (-IS'C)" /our of Doln, Sc. XXXVI 

tot-''v“He‘;,’Sl ?iSrnW 16 ‘’'™‘'°“’ ^ 

Temperature” 

'*SlII Tiiiiipcrattires ” Vet Hee. 

England, * 195 ^^ ■ Cambridge Umveisity. Cambndge, 

WtenPalthe.B R Meat and Milk for More " A I Digest, VH (1959), 



CHAPTER 

19 


The Shipping of Semen 


ENOS J. PERRY 


In recent years the number of semen shipments sent considerable 
distances has steadily increased both intranationally and interna- 
tionally. Today thousands of inseminations are being made daily 
with shipments of semen transported by bus, rail, and plane. 

This has been due chiefly to the growing interest in the artifi- 
cial breeding of select females to sires considered to be extraor- 
dinary. Most of the reported successes have dealt ^vith bull semen, 
mainly because of the longer time in which it has been available 
for trial transport. Success has also been achieved in both short 
and long-distance shipping of tlie semen of tlie ram, buffalo, dog 
and certain other species. In 1937 and 1958, England exported 
frozen semen to Australia, Ghana, Hong Kong, Iraq, and Kenya 
with satisfactory results. In like manner, the United States sent 
shipments to the Pacific area, to most of tlie countries of Soutli and 
Central America, and to tlie Middle East. The lack of dry ice or 
other comparable refrigerants in some of tlie importing countries, 
or inaccessibility to air transport, has caused difficulties at times; 
but as these are overcome and government health regulations are 
met, this new typo of international business will expand. 

UQUro SEME-N 

Tod.ay most of the .slilpnients of liquid semen are within a slate 
or country' and seldom involve a period of more than 12 to 48 hours. 

3M 
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The tned method of using a can of solid ice of varying size is usually 
satisfactoiy After the semen has been properly cooled to 35“ to 38“ F , 
the test tube or vial is completely filled to reduce agitation After 
stoppenng it is sealed by applying melted paraffin with a camels 
hair brush Next it is labeled with the name and number and breed 
of sire and any other pertment information, covered with a few 
thicknesses of wrapping paper, and placed alongside the can of ice 
The two are wrapped together lightly in heavy insulating p<tper and 
inserted in the shipping container In the United States this is usually 
a heavy cardboard box about 8 by 8 by 10 inches of the type used 
to preserve quart packages of penshables for intervals of several 
hours Surrounding the inside are two layers of corrugated card 
board The refrigerant must be prepared in advance by filling a can 
wth enough water to make a full conlamer of ice after the solid 
freezing m an electric refngerator (Figure 89 ) 
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The size of can to use will depend upon the outside temperature 
and the period of time that the semen must be held near 40° F. 

' (S°C.). Suitable temperature will be maintained as long as any 
ice remains. Much care must always be exercised to insure that the 
shipping container is durable enough to withstand the rugged con- 
ditions of transport without damage to the tube (or tubes) of semen. 
Bhattacharya (1959) reports that three semen shippers obtained 
from England, Denmark, and Sweden were tested and tried in 
India but were not found suitable under the difficult conditions 
prevailing in India; however, these semen containers are/Very suit- 
able for the countries in which they were developed. At the time 
of writing, four containers designed in India and one in Japan are 
under laboratory test to determine their low-temperature maintain- 
ing efficiency. From the work done so far, it appears that two of the 
containers are comparatively more efficient in maintaining the de- 
sirable thermal status under the test conditions of the laboratory. 

Poona Semen Shipper, This consists of a tliree-pint Thermos flask 
held inside a wooden box measuring 8 by 8 by 121^ inches and lined 
on all four sides, top and bottom, with one-inch thick foam rubber. 
The maximum loaded weight of this shipper is 12 lb 

Bangalore Semen Shipper. Tin’s is made up of a tliree-pint Thermos 
flask held inside a cylindrical aluminum milk pail with lid. The 
pail is lined on all sides with half-inch-thick foam rubber, and the 
vacuum flask fits snugly into it. Loaded weight of this container is 
only about 6 lb. 

Sometimes the container is a gallon thermos Jug enclosing a pint 
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Thermos flask This costs more to use than the hgliler shippers but 
IS sometimes believed to be lustificd because of the comparabve 
certainty of adequate temperature control 

After careful sealing and addressing a package should always be 
labeled “Rush," “Li\e Sperm," “Perishable," and sent Special De- 
li\er> 


FTIOZEN SEMES 


The t\%o pnncipal rcfngeranls used m cxpenmcnlal and routine 
shipping of frozen semen in recent >ears are dry ice (CO2) and 
liquid mtrogen Research \\orkcrs base not jet detected anj great 
difference in the t\% o tj-pes of refrigerant as measured bj recos ered 
motilitv and the resulting rate of conception Each organization or 
person concerned must decide \\hich of these seems preferable in 
Mew of costs and other factors Drj ice functions at — 110"F 
{-79" G ) and liquid mtrogen at —320° F ( —196° C ). and hence 
the latter has a longer safety factor 
Dry Ice Ampoules of frozen semen can be shipped in much the 
same manner as liquid semen when the refrigerant is drj ice First 
of all, the contamer should be one w el! known for its insulating prop- 
erties Suppliers now have on hand equipment that is both strong 
and light m w eight, made of such matcnal as expanded stjTene One 
of Ae good shippers is round in shape has a capacity of 75 ampoules 
and a loaded weight of 20 Ib Its safety penod is llirec dajs Another 
modrf esp^ally designed for international transport has a loaded 
weight of 70 Ib , holds up to 500 ampoules, is 18 b> 18 b> 24 inches 
m size, and has a safetj penod of sw dajs Both models are guar 
anteed to told the temperature down to -75° C or lower when 
properly packaged 


^ t ampoules of frozen semen have also been 
Imir ' 5 b> 5 b> 9 inches m size The 

one inch ™ several 

then nhiTOe^ 

t'X ” 

reported by Mm,er (1955™ “ cardboard contamer as 

S n as the refngerant is being fasored m areas where dry .ce 
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United V< ', °"'™' o' IffBO shipmenl ol froien lomon from provod 

united States bulls to Brazil, 

IS not obtainable, 'where the nitrogen is available at a reasonable 
^ ice, and where the electric current is not dependable. One manu- 
ir. , company in the United States has been mab'ng a container 
anous sizes that is refrigerated by the liquid nitrogen, and this 
can be used for both shipping and storing. This outfit has a vertical 
orage system. The ampoules are fastened end to end to metal strips 
Known as "racks.” One of these combination shippers and refrigera- 
tors has a capacity of 504 ampoules, and the largest size accommo- 
ales over 40,000 ampoules. The racks are packed in six cylindrical 
metal canisters measuring 2?^ inches in diameter and 145^ inches 
m height, and each canister holds 84 ampoules. The American Breed- 
ers Seiwice at Chicago, Illinois, and Madison, Wisconsin fl957) 
assisted in the development of this equipment. The particulars of 
the one with a capacity of 504 ampoules are ns follow-s- 
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Height o\erall 

22 in 

Outfiiae diameter 

17H in 

Weight empty 

02 lb 

Semen capacity (packed in canialers) 

504 ampoules, 14 lb 

Liquid nitrogen capacity when loaded with semen 

Total weight v-hen fully loaded ^vlth semen and liquid 

27 liters 48 lb 

nitrogen 

Temperature maintained until exhaustion of liquid 

124 Ib 

mtrogen 

Temperature holding tune (dunng field use 

-100" C (-320* F) 

without refilling) approximately 

3 weeks 

Daily consumption of liquid mtrogen approximately 

1 H liters 

Cost of 27 liters of hquid nitrogen 

Cost of refngerator and full complement of 

$500 (U S) 

accessonea approximatdj 

$546 44 (1058) 


The temperature holding time of the largest of these shipper re- 
fngerators is two months Hence, it can be loaded to its capacity of 
^,900 ampoules and earned by ship from one country to another 
u ^‘‘^uid nitrogen capacity is 464 

ers ( 6 lb ) , and the daily nitrogen consumption is approximately 

A t ^ect, and the outside diameter is 

4 fMt The cost was about $9800 fuUy loaded, m 1958 
The names and addresses of companies that sell any of the above- 
f pnient, includmg those that offer machinery for the 
mumcaiiniT Wuid nitrogen, can be obtained by corn- 

one of th^l'''^ one of the agncultural experiment stations or with 

opLaL^forf f'f that has been m 

operation lor a period of several years 


references 

porting °ooy Cattle Through Im- 

No Wells St ), 193 ™ ^'’’seai/ Tested Sites Chicago (325 

Bl^charya “rtespondeace (1959) 

Jersey Agr Espt Sto Clr ^ M Semen” New 
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Disease and Artificial 
Insemination 


DAVID E. BAKTLETT 
and 

LESTER L. LARSON 


, Insemination is providing numerous advantages toward 

^ livestock and poultry in many areas of the 

Although the technique is practiced most widely in cattle, 
J success in sheep and poultry is impressive. Interest in insemina- 
lon of swine is growing actively, and insemination of horses and 
aogs is practiced successfully on a limited scale. 

articularly in cattle, the technique has provided not only a means 
0 n^xpensive, mass genetic improvement but also a critically needed 
od for the improvement of fertility. Positive, effective control of 
'enereally transmitted diseases affecting reproduction becomes pos- 
si e when the relatively few males required in artificial insemiha- 
|on are maintained under continuous technical supervision. Further, 

* IS possible to employ, selectively, the semen of bulls of established 
er ility. In some countries, where long-practiced “commiinar' hreed- 
practices had made infectious reproductive diseases ubiquitous 
th io ihe cattle raising economy, fertility improvement 

yough control of disease has been the primary motivation in the 
extension of artificial insemination. 

In other varieties of livestock and poultry, control of infectious 
391 
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diseases affecting fertility is of somewhat less importance because 
the diseases are apparently not only less genital-specific and less 
numerous but also less common For these animal species the pnnci- 
pal hygienic advantage bf artificial insemination may -be that it 
eliminates the necessity of frequent introduction of males of uncer- 
tain general health status from outside herds or flocks 

Artificial insemination has a unique advantage in stopping sexual 
contacts There need be no males carrying venereal infections from 
female to female The male becomes part of a laboratory and me- 
chanical process which can be brought under rigid technical control 
This process substitutes for natural service, wherein only hmited or 
no human supervision or restraint is exercised 
Artificial insemination makes possible the fertihzation of many 
thousands of females per year from a single male One bull, mam- 
tained under ngid technical supervision, can replace hundreds of 
unsupervised bulls in natural service Their thousands of promiscuous 
sexual contacts are eliminated 


Today, artificial insemination of cattle has advanced, and it must 
now stand realistic and critical ludgment as to its true usefulness It 
IS a sword with two edges “ It has been and conhnues to be our 
most effective weapon in the control and eradication of certain 
diseases But whenever it is operated m an irresponsible, neghgent, 
incompetent, or ignorant manner, it has the potential of spreading 
infection from diseased males further and faster than natural routes 
of disease transmission Also, an inseminating techmcian does 
avel from herd to herd He must consistently perform in a re- 
ponsible manner and observe the pnnciples of sound farm sanita 
Uon Although the over all record of artificial msemmation has been 
good, unfortunate incidents have occurred, and they have been of 
nous consequence There exists a very real responsibihty that 

must never be taken hghtly 

stock insemination is advantageous to a hve- 

fechnicallv T ^ semen ongmates from sources under 

wSrSeT"’ management and 

.arffiL .nse™™?,™ manner Breedmg by 

eases both svcf j eliminate the spread of numerous dis- 

’ tvh.ch are often transmitted m 
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natural mating Also, it can block the route by which veneral in- 
fections are transmitted from one individual to another 

DISEASES IN CATTLE 

Bovine Venereal Trichomoniasis. This is a venereal disease of 
cattle caused by a protozoan parasite, Trichomonas foetus Natural 
transmission is almost exclusively by sexual contact Infected bulls 
ordinarily exliibit no clinical symptoms, but evidence appears m 
the health records of the cows to which tliey are bred Once in- 
fected. bulls usually remain permanently infected and will transmit 
their disease to a high percentage of susceptible females on sexual 
contact Bulls can be cured of the infection by specific treatment 
This infection is self eliminating in females, but this may take 
SIX months or longer During the period of infection there is a state 
of infertility For a few years thereafter, immunity to reinfection 
and consequent normal reproduction from services by an infected 



f'Oure 92 Two specimens of Tricfiomono* foetus protozoan orpanlim 

nos three anterior flagella and an undidofing membrane terminating In a posterior 

flogellum 
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bull are usual; then, however, re-exposure may result in reinfection. 
In females, the course of the infection and the period of infertility 
are not ordinarily altered through treatment. 

Trichomonads cause inflammation of the interior of the uterus. 
Any developing calf dies, but usually so early that nothing is noticed 
except that the cow returns to heat three to five weeks after breeding. 
Rarely, a pregnancy progresses for tw’o or three months before it is 
interrupted by the infection. Then, abortion of a fetus may be seen. 
Rarely, after the death of the developing calf, pus may accumulate 
in the uterus in quantities up to several gallons. A cow so affected 
may require special treatment to restore the uterus to health (Bart- 
lett, 1949). 

The effect of bovine venereal trichomoniasis upon the reproduc- 
tive efficiency of a herd of cattle allowed to mate naturally is serious 
(see Table XXXI) (Bartlett, 1947). Surely, the acceptance and 
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used either on public lange oi foi breeding heifeis latei turned out 
on range (Fitzgeiald et a] , 1958) 

Artificial insemination mth semen fiom disease free bulls pro 
vides the most ceitam, quickest, most piactical, and economical 
means of contiolhng bovine venereal tiichomomasis m a gioup df 
females 

Repeated laboratory tests must be made to asceitaiii that bulls 
used m artificial insemination are fiee fiom Tiicliomonas foetus, as 
this oigamsm survises the conditions of semen piocessiiig— including 
freezing 

Bovine Genital Vibriosis. This is a \eiieieil infection of cattle 
caused by a bactem, Vibtio fetus This disease is piobably fai more 
widespread than tiichomoniasis, which it lesembles m ccitain le- 
spects In fact, dilFeieiitial diagnosis often lequnes caiefnl laboiator) 
studies Bulls are the peimanent lesenoiis of infection rcmales 
eventually recover and legain then abilities to lopiodiice aftei 
variable periods of mfeitility that aie associated nitli infection of 
the Uterus ( McEntee et al , 1954 ) 

The frequency of vibiiosis is high in the daii) herds of some areas 
In some groups of bulls assembled for artificial insemination pur- 
poses, the incidence of infection upon intensive culture studios has 
been revealed to be as high as 50 per cent (Hughes, 1956) At jircs- 
ent. Vibrio fetus is usually contiolled in aitiRcial insenun itiou pro 
cedures through the addition of antibiotics to the semen It has been 
shown by Orthey and Gilman (1954) that a combin ition of 500 /<g 
of streptom>cin and 500 units of penicillin per ml of diluted semen 
inactivates Vibrio fetus provided the rate of dilution is at least 1 25 
and the elapsed time before use of the semen is at least six hours 
Vibriosis has required special consideration in processing of frozen 
semen because it was discovered that gl)ccrin interferes with the ac- 
tivity of the antibiotics usiiall) employed in semen processing Diag- 
nosis and treatment of infected bulls and revised methods of semen 
processing are essential, new procedures 
The technical problem of diagnosis of vibriosis m cither bulls or 
cows and the difficulty of restricting contact and transmission be- 
tween the sexes under the practical conditions of the banivard and 
range arc formidable Properly conducted artificial insemination 
prov ides, torlay , the only solution to the problem of v ibriosis in an in- 
fected herd 
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Bovine Brucellosis. Transmission of bovine brucellosis, or Bangs 
disease, is usually by oral ingestion of organisms shed in the genital 
discharges of an infected female Transmission to females by sexual 
contact, even though an infected “semen shedder” bull is involved, 
IS exceedingly rare or may not occur at all However, when semen 
infected with Brucella abortus is placed through the cervix as is 
usual in artificial insemination, transmission of brucellosis has 
occurred at a very high rate Special efforts must be made to provide 
necessary safeguards against use of infected bulls m artificial in- 
semination by careful and repeated testing of bulls for brucellosis 
Both serum agglutination and semen plasma agglutination methods 
are employ cd 

Boti'nc Tuberculosis. This infection may affect the genital organs 
of cattle, and venereal transmission has been recognized The theo- 
retical possibility of tran'Smission by artificial insemination must be 
given due consideration through penodic testing of bulls to re estab- 
lish their freedom from tuberculosis 


Leptospirosis, Transmission of this systemic disease of cattle by 
artificial insemination has not been demonstrated However, a 
theoretical basis for transmission exists Shedding of the causative 
organisms from the kidney by way of the unne is a common char- 
actenstic of this disease Survival of Leptospira pomona m semen 
processed with antibiotics and held for one week at 38“ F has been 
demonstrated Transmission of the disease through application of 
rantamraaled urme upon the skm of the legs of susceptiblo cattle 
seemfr" taken together, the assumpt.on 

of “fW occur through deposition 

It s ■" ' " fouialcs 

artificiaf mscmmatiun”" ^ •'o -sed in 


'’’““S' 

Its nrnmrr ne world, is sery rare in the United States 

.-.er;:j,a?:erhr "onlTli" ‘•’P 

similar lesions Although the nr.™ to be affected witl 

mfoclion apparentu isLi. Inmsmission of thi 

spread h> tins route and thaTa^M ’ ' reasonable that it couli 
as a means of transmission Th ^ l“i ‘"semination could also serv 
ansm.ss.on Thorongl. knowledge of the health statu 
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of bulls and the herds from which they originate provides the most 
reasonable safeguard against this infection. 

Foot and Mouth Disease (Aftosa). The possibility exists that 
semen might be contaminated with the virus of this disease. The 
,vinis has been shown to survive the conditions of semen processing 
, and fieezing. Consequently, transmission of this infection from 
endemic areas exists as a potential danger. 

Granular or Nodular Vaginitis. The exact etiology of this condi- 
tion has not been established. Artificial insemination does have the 
advantage of mechanical placement of semen beyond the area of 
affection. This condition is not considered to be of major importance 
in artificial insemination. 

Miscellaneous Infections. Certain rare sexual affections of cattle 
have been reported from limited areas. These have not been suf- 
ficiently well studied to establish their relationships to or importance 
in artificial insemination. Epivaginitis is a venereal disease of cattle 
described in Africa which is destructive to the epididymides of males 
and to the uterus and Fallopian tubes of females. From England, a 
viral infection of the vagina and uterus characterized by muco- 
purulent genital exudate, uterine edema, abortion, and infertility has 
been described. A somewhat similar infection has recently been de- 
scribed in California. A type of endemic abortion of cattle of un- 
established etiology characterized by a peculiar liver lesion of the 
abort has been described in California. 


HEALTH sTANDAnns ron bulls in ahtificial insemination 

Minimum standards for health of hulls used in artificial insemina- 
tion of cattle have been recommended by the Special Committee on 
Animal Reproduction and Artificial Insemination (1956) of the 
American Veterinary Medical Association to the National Associa- 
tion of Artificial Breeders ( Bartlett ct al., 1957 ) . These recommenda- 
tions, adopted by the N.A.A.B. for guidance of their membership, 
are as follows: 

Cencral Sanitary Practices. Tlie continuous guidance of a veterinarian 
who is encouraged to become thorouglily familiar with the health prob- 
lems and routines ran be highly constructive in maintaining the security 
of individual artificial insemination organizations. Problems of a special 
nature concerned svith general sanitation, hygiene, and disease control. 
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exercised by the collector to assure that his 
hull transmission of infectious material from 

Hurt J • j [' •'an'Js should he thoroughly washed 

ana dried behveen collections from different bulls. Some operators may 

buir*^ ° '■nbber gloves, using a different sterilized pair for each 

^"“"'’edge of the detailed health status of each new 
nrnf'oT-'^ c'u Status of his herd of origin, is fundamental in the 

P otec ion of health security of the entire stud, as well as for the economic 

k nsed. Isolation 

and observation of new bulls are desirable. 

tiibp^'T Bn'Is should be found negative upon test for 

nerculosis before being admitted to a stud for use in artificial insemina- 

as ‘®u’ “f'®" '■’an annually for 

g as a bull remains in artificial insemination. 

should be found negative to a blood serum- 
bull the requirements of the state in which the 

insemiuoi- ’’®f°''® l>e'ng admitted to a stud for use in artificial 

seeonrl addition, each bull should be found negative to a 

tube 1® a semen-plasma agglutination test (1:25 dilution, 

S6m»„ 1 is/®'®®*®'* Thereafter, blood and 

for or *?*** should be made not less often than each six months 

n as a bull remains in artificial insemination, 
of eaol"* Trichomoniasis. It is advisable that the herd of origin 

bpfn'ro investigated for possible presence of tliis infection 

tions k f* “®®®Piance. Bulls should be found negative at several examina- 
tions before semen is released for use. 

C 0 nd!?ot»!f negative examinations, each 

Thcrpifi ’"tntvals of not less than one week, should be carried out. 
monikr ®'',®*T hull should be examined not less often than each six 
On *** ** remains in artificial insemination. 

PrcfemM**™'i'*'*''''' ®°"®i®t of detailed, direct microscopic study and, 

ohtHnna j ?’ P™i°“ologicaI culture of a single collection of semen 
Bo“ “®®®P'“hIc manner, 

semprp*! j ’”’’' Ttosontly. dependence upon addition of antibiotics to 
demonrt. onder is rasential for vibriosis prophylaxis; this method has been 
least highly effective. Semen extender should contain at 

so treat streptomycin and 5tX) units of penicillin and be 

mpnd^.f hours before use. in accordance with the rccom- 

■oondations of Orthey and Gilman. 

Ipnlos*”*^ ^eptospirojf*. Bulls should be found negative to a blood test for 
pirosis before admittance to a stud for use in artificial insemination. 
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Thereafter a test shoiiUl be rnitle not less often than each six months 
for as long as a bull remams m irtificnl insemination Unfortunately, 
there is not >et available a slandartl official test for leptospirosis It is 
recommended that the testing facilities in the slate concerned be utilized 
and that interpretation be based upon the judgment of the laboratory 
responsible Bacteriological examination of semen from low level react 
ing bulls may be found useful in arriving at sound decisions 


DISEASES IS SHEEP 


Ovine BaJanoposthitis Ovine balanoposthitis is the venereal mam 
festation of the virus complex known as ulcerative dermatosis of 
sheep Lip and leg ulceration is associated with the same virus In 
this disease lesions around the prepuce are first vesicular Later, 
the> coalesce, form ulcers and eventually scabs Healing is slow, and 
without treatment the lesion ma> remain active for prolonged pen 
ods of time In the ew e lesions start near the low er portion of the 
vulva and spread in some instances over the entire vulva The 
vagina usually is not involved The disease is usuallj self hmiting in 
the female acute symptoms persisting not more than ten days 
Transmission of the disease is almost exclusive!) Ijy venereal con 
tact A flock outbreak results when an infected ram is placed with 
susceptible ewes Rams should be examined for preputial lesions 
prior to being placed w ith a flock and those show mg lesions should 
be isolated and not used In a severe flock outbreak it may be nec 
essary to stop all breeding operations Tlie use of artificial msemma 
tion with disease free rams could make it possible to resume breeding 
earlier 


r conuui 


Artificial insemination can provide an effective means for ( 
ot this infection But likewise it is necessary to be sure that rams 
us^ in artificial insemination are free from the infection 
Vvtne Vibnosw This disease caused by Vibno fetus, is the most 
enzootic abortion in sheep in the United States 
abort pregnant ewes may 

e\pr ^ ^ ^ disease m the ewe Ho\s 

these mav ^^ttitis and fetal membrane retention occur, and 
aW Vibrms™ r V “ “P 1“ Ver cent ot eues that 

‘hrough ingestion of 

reiTnnmvT mdfeates that the 

venereal m nature and by implication that artiEcnl 




fisfure 94. Veterinarian collects specimen from prepuce of bull to test for bovine 
venereal trichomoniasis, (Courtesy Amerrcon Breeders Service, Chfcopo ) 

insemination would not play an important role either in control or 
transmission of this disease. 

Ooinc Enzootic Abortion. This disease is caused by a rickettsia- 
hke organism and results in abortion, retention of fetal membranes, 
nnd severe metritis. It has been reported in Scotland, England, New 
Zealand, Germany, and Italy. The possible relationship to artificial 
insemination has not yet been established. 

Epididymitis in Hams. This disease, first studied thoroughly in 
New Zealand, has recently been reported in California. It is char- 
acterized by a chronic inflammaticn of tlie epididymis and results 
|n fibrosis and ultimate sterility if both epididymides arc involved. 

he cause is an organism which somewhat resembles BntccUa. Arti- 
ncial insemination in which non*infcclcd rams are used should have 
'■alue in control of this disease. 


DlSEASra I.V SWIVK 


Strinc BrttccUosis. Tliis is an insidious disease of ssWnc tliat often 
is transmitted vcncrcallv. Alxirtion and infertility are the common 
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symptoms in an infected herd The boar, in contradistinction to the 
bull IS very susceptible to Brucella suts infection cither b> genital 
contact or other routes When the boar is infected, the organisms 
frequently localize in the testicles and accessory sex glands Tlicse 
organs serve as a focus of infection and the organisms a-e shed by 
way of the semen Infected semen is a common source of exposure 
for the sows and gilts 

Recent progress made in artificial insemination of swmc strongly 
suggests that artificial insemination will play an important role in 
the future of the sw me industry Since brucellosis of sw me is largely 
found m purebred herds and the boar plays such an important role 
in the disease's perpetuation and spread, it would appear that use of 
semen known to be from disease free lioars would be very effective 
in breaking the cycle of this important venereal disease 

Leptospirosis In swine, this disease in its essential characteristics 
and manner of transmission is very similar to leptospirosis of cattle 
It IS probable that this disease could be spread by artificial insemina- 
tion should infected boars bo employ cd On the other hand, how ev er, 
artificial insemination using boars which ore known to be Leptospira 
free could be of considerable value m the control of tins infection 


DISEASES IN lIOnSES 

Dourim Tins is the only trypanosomic disease known to be trans 
mil e venereally The causalnc organism is Trypanosoma equt 
perdum In the past this mfcct.on has been present both .n the 

nnnlf . r “ infection IS apparently 

nonexistent m the United States 
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Feeding and Management 
of Sires 


JOHN W BARTLETT 


Tile feeding and management of sires lias alw ays been an important 
factor in obtaining higli conception rates m our herds and flocks 
Those sires that are to be used in artiflcial insemination require even 
greater care than those used for natural mating The proved sire is 
of course m the prime of his nitiiral life before his true worth is well 
established To maintain him in a healthy, \jgorous condition for a 
long time is most essential 


lllE YOUNG DULL 


Dhvsirnl niiwt be brought to the full development of his 

deSmtelv V ' ^*1 breeding powers are to be 

be such a dti”'™ P°orly fed and badly managed young sire may 

been allowed to^d^elop'"' because he has not 

the m'amXan™ ofthe'bX' A 

end much more seriously fronf ’'“.’"I®' sire suffers sooner 

old sire Amuchlaryer/ nutritive deficiencies than does an 
provided for the Eiowmrs™'.? ‘'‘S'ls'ible nutnents must be 
remain at constanf weight ‘n 

& nat the young sire can use for growth 
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is that which is left after his body has received enough for main- 
tenance. He should not be maintained on roughage alone, since he 
needs ample grain for the development of tissues and muscles. For 
the development of the skeleton large amounts of minerals are nec- 
essary, especially calcium and phosphorus. Vitamins are required in 
greater proportion for the young sire than for the animal which 
merely needs maintenance. Rations which supply A and D are suf- 
ficient for the young four-footed farm stock. Poultry, however, re- 
quire large amounts of G. "fhe rates of growth of young Sires vary 
with the species and also within certain breeds of the same species. 

Young bulls should be started on whole milk and allowed up to 
one-tenth of their weight for the first SO days, and should be eon- 
tinued on skim milk or a good milk substitute for at least six months. 
Recently it has been found advantageous to supplement the ration 
with vitamins A and D for rapid growth and development. Vitamin 
Bis is used by several well-known breeders, especially during the first 
month, because it is at this time that the young calf needs to get a 
good start. Most breeders recognize tliat calves will relish a mixed 
hay and will begin to nibble on a small quantity when a few days 
old. They should be allowed free access to it at all times. A good 
grain ration of equal parts of cracked com and crushed oats is ex- 
cellent for the young bull calf. Some prefer to feed the same ration as 
is fed to the older herd. Where grass silage is available, it seems to 
fit well into the calT s diet, and it is also a source of vitamin A. 

When six months of age, a young bull should receive from 4 to 
6 lb. of grain daily; and if good pasture is available, he may be turned 
out. Hay, however, should be placed in a rack in the pasture let. It 
will he found a very great aid to growth, and young anintals will eat 
liberally of it. If well-grown, the young bull is ready for light service 
when twelve months old, but he should not be used more often than 
once a week. At this time a ring should be put in his nose, and he 
should be taught to lead; because for the rest of his life he will be 
handled regularly on a lead strap or staff. 

One excellent method of handling a young bull is to put a chain 
around his horns, clamp it together in the middle of the forehead, ' 
and bring it double down his face and through his ring. Tlie two 
ends of the chain can then be fastened to a second ring which rvill 
hang three to four inches below the one in his nose (Figure 96).- 
This method teaches him while young that he is to be led, and 
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he can always be eastl> caught As the bull grows older a heavier 
chain will hav e to be substituted 

Since it is the plan of most artificial breeding associations to use 
proved sires for thf most part, a problem arises as to ^vherc the 
young, unproved sire may be kept It is suggested that after the 
yearbng bulls semen has been used to breed 500 to 1,000 cows he 
then be retired until proved It is unwise to place the young bull 
on a private farm while wailing for a proof on his daughters The 
future use of such a sire may be mined as a result of natural service 
in a herd whefe some infection may exist Most associations provide 
quarters in the hull stud while the young bull is being proved In 
emergencies he can be used, and also there may be some breeders 
who will wish to have his semen in their breeding program 
The association is the place to try out joung males, and no one 
member will have more than one or two daughters, should the sire 
fail to prove mentonous As has been said, it is much safer to have 
proof data from several farms than from one herd 


THE BULL IM SEHVICE 


\Vhen a sire comes into use, his management should be so planned 
that he may remain in service for several years The best housing 
for him IS a box stall with a swinging door which will allow him 
re om to go out to his own paddock for exercise and sunshme If 
sires can e quartered in adjoining box stalls and paddocks where 
ey are a ways in sight of one another, there is a psychic factor 
which increases their service activity 

greatly m their capacity to produce semen regularly 
at all ‘o avllable 

three In '='‘"8 >“=<1 for semen collection at intervals of 

some cases T., T ^ * conception rale is weU mamlained In 
four-dav mtervals^^^*^^ ejaculate at three- to 

hulls, althouch it maTt'v^ this can he done with most 

lar routme Sires that hL° 

become too lame to mount ‘"'“^od in hips or legs or have 

ejaculate when a tpnc collection can also be trained to 

If froirsem^n^XX'’™®^' "'f 

on a w eekly basis mt, K fi, ^ P'‘®gram of an association, collection 
y asui can be the general rule The manager of the stud 
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should learn the possibilities of each sire and rest him accordingly, 
men bringing a new sire into service involves hauling or shipping, 
it is recommended that he be rested ten days to two weeks before 
the first semen sample is collected. 

^ The best service bull is generally the one which is kept in a 
tnrifty condition, but not fat. A good mixed hay for roughage is 
advisable, and a liberal amount of grass silage seems to aid in the 
production of viable sperm. The amount of roughage can best be 
determined by the condition of the bull. He should not have enough 
to allow him to get paunchy. When hay is the only roughage given 
a daily allowance of 15 to 25 lb. should be sufficient. Green soiling 
crops are an excellent conditioner if the sire does not have access to 
pasture. Bulls, like cows, need ample water, but they should not be 
watered just prior to service or they may be slow and sluggish. 

If good roughage is fed, 6 to 8 lb. of concentrates daily should be 
ample to keep most bulls in the desired condition. Although the 
protein content of the ration will depend on the quality of the 



If Tr’ '■ 1°'’ '’O'” 'ool* O'e O’td H.r, . 

. ^ “ i ‘ '""O’™ "" '"’'"r orowth of Iho Soof. Tronquila.n mov bt 

0 «n lo qo!,l ih, bull l„ ,|,i, op„ol,oo but •bould’oot b. ot*»n to th. iloll^ 
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roughage, it is generally a good i)olicy to use a conditioning ration 
containing about 12 per cent total protein Some bulls need exercise 
if they are to remain in good service Turning two or more into a 
large field is a practice that may be followed if the horns have been 
removed Some breeders fix a cable between two posts or two build- 
ings, the bull IS then tied to a swivel on a pulley which permits him 
to move around without becoming tangled up in his own lead 
chain or rope Electric exercisers can be made very easily by a 
handyman if he can secure the rear end of an old car or truck and 
build a sweep around it (Figure 96) The rear is stood on end and 
geared to a small motor Arms radiating at equal intervals from the 
axle, so spaced that no two animals can get together when the sweep 
IS in motion, lead the bulls in a circular path A half hour's walk each 
day on such an exerciser also helps to keep the bull tractable, and 
IS especially beneficial in keeping the feel and legs in condition 
Foot tnmmmg is often a must with mature bulls A box made of 
plank may be used as a foot rest, and an ordinary wood chisel is 
handy in cutting away excess growth of the hoof (Figure 93) 
Bulb with long toes often become lame, and their usefulness is im 
paired 

Numerous ways have been devised for managing the bull when 
collecting the semen Some prefer to place the cow in a breeding rack 
and lead the bull out of his pen by a lead strap or bull staff Others 
have made a ceiling track to which the lead cham is attached on a 
swiveled pulley, and the bull is thus led to the cow or dummy, he 
IS less dangerous, as he cannot get his head down A third method is 
to lead the bull along a fence, the leader walking on the opposite side 
or along a raised walk so that the animal has no chance to attack 
him 


“ taken to the bulls pen, 
If a double rope from the stanchion 

slanch.3 Tf**" the cow .s led into the pen and 

the person m coatrd of the'’r'ler:Rd ° n 

enough freedom of his hSd t™ tope gives the bull 

vagina Immediately afteitard he^L^^r" and serve the artificial 
and the CO. canbeLhen^r^hepj;’" 
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The lead rope will then- permit bringing the bull back to hi: 
stanchion, from which point the ropes may be unsnapped. Experi- 
ence has shown that many bulls do not lead well or serve well when 
moved on a stafE. The psychology of bringing the cow to the bull’s 
pen has sometimes caused a bull to yield a larger sample of semen. 

THE STAIUON 

One of the most important phases of stallion management is ex- 
ercise. Nothing is more vital to his breeding ability than that he be 
given some work to do. A half-day’s work in the harness is recom- 
mended. Since mares are usually bred to foal in the spring, the stallion 
will commonly experience the demand for semen at one season of 
the year. He should, therefore, be built up for this period and main- 
tained by proper management. His diet should contain first-class 
roughage rvith ample amounts of protein, mineral matter, and vita- 
mins. The best roughage is a mixture of legume and bright green 
timothy hay. It should by all means be free from dust, and the 
amount should not be in excess of what he actually needs. 

The nature of the concentrates for the stallion will depend upon 
the type of hay. With timothy hay, a good ration is oats (4 parts by 
weight) and bran (1 part); or oats (4 parts), com (6 parts), and 
bran (3 parts). Mature stallions can be fed oats as the only con- 
centrate. When the roughage is largely legume, most horsemen 
prefer not to include more than one-half com in the grain mixture 
for stallions. No specific amount of grain can be prescribed, since 
this depends on the amount of exercise given and whether the horse 
is a hard or easy keeper. Most breeders prefer to have the stallion 
thrifty at the beginning of the mating season and to see him gain 
a little weight as the season progresses. 

Grooming and care of the feet are essential, and regular attention 
should be given to how the horse walks. Drugs and slock tonics are 
not necessary to a vigorous stallion. 

THE BAM 

• The ram can be kept in a healthy, thrifty condition on roughage 
alone, except during the breeding season. Bright legume or non- 
legume hay accompanied by a light feeding of silage is satisfactory. 
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During the summer good pasture alone is sufficient. At least one 
month prior to the breeding season the ram should be conditioned 
by grain feeding. During heavy service he should be fed 1 to 2 lb. 
daily of a grain mixture containing about 14 per cent total protein. 

A good mature ram will scr\'c 25 to 50 ewes when he runs with the 
flock all the time, or nearly twice that number when he is turned in 
with the flock only a few hours each day during the breeding season. 
When used artificially, he can be inseminated to many hundred ewes, 
if they are available, without hcav>' or different fodder. 


THE DOAR 

Overfeeding and a lack of exercise arc common causes of unsatis- 
factory service in boars. A very thin, run-down condition should also 
be avoided. 

During the summer, boars on pasture will get plenty of exercise. 
In the winter they can be sheltered at one end of a long paddock 
and fed at the other end to encourage exercise. 

Except during the breeding season a boar should not be fed more 
than 1 to 15 lb. of grain daily per 100 lb. of body weight. Tlien the 
ration should he increased somewhat two weeks before the breeding 
season starts so that the boar will gain weight at that time. 

A boar is old enougli for very light service at eight montlis with 
15 TOllections per season. A mature boar should not be required to 
deliver more than two collections per week or three per fortnight, 
over any considerable period. 


’’"'=''‘’‘'"5 season the male bird should be given 
tonhimtTf ‘™’ " 'hat he gel sufficient feed to main- 

birds free thrifty condition. It is advisable to allow male 

composed of 2 Darts mm’ t’ 7 ™ ^rain ration mixture 

added. Other orii! ■ . ’ ^ wheat, and 1 part oats should be 
essary to limit^the"main'"^'^* equally satisfactory. It is nec- 

suffilnt bmedffig S -- 'ha male bird cats 

sufficient space for exerdse. ^ ^ should provide 
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MAI.E TOnKCY 

Male turkeys should he kept in good condition during the breed- 
ing season, but not too fat. Rations and breeding practices similar to 
those already suggested for male fowl should be satisfactory for 
turkey toms. Males need plenty of exercise and should be kept in 
individual yards approximately 20 feet by 20 feet to avoid injury that 
may result from fighting. If cages are used, the floors should be solid. 

Under flock conditions, turkey growers often have difficulty in 
maintaining satisfactory egg fertility. They resort to the use of in- 
dividual stud pens, or make a practice of rotating groups of males 
at given intervals in order to encourage proper mating. They also 
find it necessary to remove the toe nails or blunt the spurs by sawing 
or filing to avoid back injury to the hens. A canvas saddle may also 
be placed on the back of the hen to prevent tears and other injuries. 
Females with severely injured backs tend to produce infertile eggs. 
Artificial insemination offers a possible solution to these problems 
of management. 

MANAGING THE SIBE AT SEBVICE TIME 

Certain male farm animals are sensitive to artificial collections, 
whereas others seem able to endure considerable rough handling. 
Intelligent management at service time helps to keep them keen, 
and hence is an aid in obtaining the normal quantity of good semen. 
Some practical facts pertaining to the sexual nervous system of the 
bull are now available. Part of the information gained is also ap- 
plicable to certain sires of other species. 

The well-known reflexes, such as mounting the cow, projecting 
the penis, thrusting and ejaculating, can easily be retarded or even 
inhibited in a bull by unnatural methods of handling him. The basis 
of his natural behavior at time of semen collection or natural breed- 
ing is the gratification of the physical sense. The majority of bulls 
will respond most satisfactorily if they are permitted to serve each 
time in familiar surroundings and are handled by the same attendant, 
provided these are associated with previous satisfactory experience. 

Hammond et al. (1947) expertly treat the subject of sexual re- 
flexes as follows; “The sexual reflexes are inhibited if their perform- 




Figw 96 Bull cxerciMr of Jh« Dairy Reteorch Form of the New Jersey Agrlculhirol 
Experiment Station, Sussex. By means of the choin ond ring construction on the bulls' 
heads they may be effeetivcty caught and controlled. For leading, a staff should 
be snopped to the nose ring. 

ance is accompanied, not by pleasurable sensations, but by sensa- 
tions which are painful, uncomfortable, or even distracting. In very 
sensitive bulls inhibitions may arise quite quickly, even when the 
collections are taken most carefully. Repeated careless collections 
will ‘put off the most hardy bulls. Inhibitions will be reinforced the 
more often the unfavorable conditions are repealed, and the shorter 
the Interval between collections. If inhibition has started, it is a 
great mistake to persist with unsuccessful attempts at collection. 
The animal should be given a rest from collections for as long as 
possible. Inhibitions are also remforced if repeated in familiar sur- 
roundings. The sight of the artificial vagina or the operator and the 
te^er cow can be factors. In these circumstances slight 
u^bitions which have developed may sometimes be overcome by 
changing the surroundings as much as possible.” 
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Notes on the Contributors 


The men whose contributions make up the third edition of Artificial 
Insemination of Farm Animals have conducted research and practical 
programs in artificial breeding on three continents. 

The two British contributors. Dr. Joseph Edwards and Dr. T. Mann, 
provide both fundamental and hi^ly specialized information on the 
reproductive physiology of farm animals. Dr. Edwards, author of the 
chapter on tlie organs of reproduction, is chairman of the Production 
Division of the Milk Marketing Board of England and Wales. He holds 
the M.Sc. degree from both the University of Cambridge and the Uni- 
versity of Minnesota^ and the D.Sc. from the University of Glasgow. 
He is president of the British Society of Animal Production and a gover- 
nor of the Boyal Veterinary College. 

Dr, Mann, who wrote the new chapter on the evaluation of semen by 
chemical analysis, is director of the A.R.C. Unit of Reproductive Physi- 
ology and Biochemistry at the University of Cambridge, His book. The 
Biochemistry of Semen, was published in 1954 and remains the standard 
text on the subject. He holds the M.D,, Sc.D., and Fh.D. degrees and is 
a Fellow of the Royal Society. 

The new chapter on the use of frozen semen, one of the newest tech- 
niques in artificial breeding, was contributed by H. A. Herman, executive 
secretary of the National Association of Artificial Breeders of the United 
States. Dr, Herman is editor of the A.I. Digest and co-auUior of t^vo 
books, Artificial Insemination of Dairy Cattle (with F. W. Madden) and 
Dairying Laboratory Manual and Outline (with A. C. Ragsdale). He 
holds the Ph.D. from the University of MissQuri, where he ^vas formerly 
professor of dairy husbandry. Supplementing Dr. Hermans chapter is 
the revised chapter On the shipping of semen hy the editor, Enos J. 
Perry. 
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Dr Ralph P Reece, contributor of the chapter on the role of hormones 
m reproduction, is professor of dairy husbandry at the College of Agri 
culture of Rutgers University, and research specialist at the New Jersey 
Agncultural Experiment Station He has served on the Biological Re 
search Committee of the Planned Parenthood Federation of Amenca 
Dr Reece wrote the chapter on mammary gland development and func 
tion in The Endocrinology of Reproduction, edited by J T Velardo, 
published m 1958 

From Norway comes the nc\v chapter on swine, written by John 
Aamdal out of his wide and successful experience as a vetennanan on 
the staff of the Royal Veterinary College at Oslo In Norway, artificial 
breeding of swine has so increased in importance as to be second to the 
cattle programs 

Dr P Bhattacharya, author of the new chapter on buffaloes, is as- 
sistant director and head of the Division of Animal Genetics of the In- 


dian Veterinary Research Institute at llaznagar He holds the PhD 
degree, and among his professional connections are memberships in 
honorary societies in Italy and England as well as his native India He 
IS official correspondent in India of the Commonwealth Agricultural 
Bureaux for Animal Genetics and Breedmg and has contributed chapters 
to textbooks and practical handbooks of animal husbandry 
The chapter on dogs has been rewritten to include the most recent 
developments m the field by its original author, Dr Ellis P Leonard, 
head of the Department of Therapeutics and Small Animal Diseases at 
the Cornell Umversity College of Veterinary Mediane Dr Leonard is 
CO author of Canine Medicine 


Enormous stndes have been made in the artificial breeding of 
chickras, turkeys, ducks, and geese since Professor F P Jeffrey prepared 
his chapter for earbet ediUons of this book. He has been assisted in this 
rwision by his colleague at the Umversity of Massachusetts. Dr J Rob- 
?, Smyth IS research professor of poultry husbandry at 

e o ege o Agnculture ftofessor Jeffrey is associate dean of the 
ftodStton “■ ° Commercial Poultry 


at Mi« fcnneTly associate professor of animal husbandry 

SmdoraTt. n D.™on of En^- 

^andS b , Fonndatton, Hantan, New Jersey, has 

At the time Dr Qair E Temll 


wrote the original chapter on sheep 



418 Artificial Inseminatton of Farm Animals 

Since 1955, when Professor Perry retired from Rutgers, he has served 
the United States government through the International Cooperation 
Administration in Egypt, as Animal Husbandry Advisor (1956), m 
Lebanon, as Dairy Advisor (1957-1958), and in Brazil, as Livestock 
Advisor (1959) Professor Perry conducted a 1938 world survey of arti- 
ficial breedmg for the National Association of Artificial Breeders 
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Abortion, 26 

' cow; 30-31, 138, 148, 394, 397 
ewe, 400, 401 
mare, 57 

sow, and brucellosis, 401 
Acetone, see Dry ice-acetone 
Acrosome, 33 
Adrenal gland(s), 49-50 
Adrenocortical hormone, 49^0 
AdrenotrophiQ hormone, 49 
Aftosa, see Foot and mouth disease 
Air, liquid, for storing frozen semen, 

^ 364, 371, 376 
Alcohol, see Dry tce-alcohol 
Allele, 290, 300 

American Aberdeen*Angus Breeders* 
Association, 332 

American Breeders Service, 8, 103, 

. 145, 338, 373 S„ 381. 389, 401 
American Dairy Science Association, 

348 - ' . 

American Guernsey Cattle Club, 349 
American Jersey Cattle Club, 349 
American Kennel Club, 271-272 
Ampulla, see Reproduction, male, or^ 

* gansi Massage, manual 
Anaphylaxis after hormone therapy, 
t 71 . \ 

Anaplasmosis, 382 

Androgen(8), 12. 13, 40-41, 50, 51. 

‘ 59-60 

See also Testosterone 

41 ^ 


Anestms 
cow, 29, 63-64 
ewe, 89-70 
mare, 71 

See also Estrous cycle 
Antibiotics with semen diluters, 85, 
87, 131,132iF., 138, 167-168, 
224, 264, 268, 368 JF., 395 
See also specific antibiotics 
Antigens, heritable, cattle, 290 
Antuitrin>S, 72 
Artificial breeding 

classification standards, 298-300 
development, 836 if. 
for improving livestock, 284-285, 
293, 293 Jf, 

organizations, 7-8, 336-303 
centra], 344, 346 if. 
financing, 346-348 
local, 344, 345 ff. 
publications, 341, 342, 330 
record keeping, 332-357 ^ 

See also names of organiZi^ons 
selection of sires, 293-294, 304, 
319 if. 

See also specific animals 
technician training, 357-359 
Artificial insemination 

and control of cattlo disease, 391 if. 
before ovulation, S3, 89 
equipment, 91-93, 114 
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Arbfiaal insemination (Cont) 
for crossbreeding, 4, 9, 143, 254- 
255, 305-306, 317, 382 
for improvmg livestock, 284-285 
for selection of sire, 328-327 
hUtory, 3-10, 228 
intracemcal, 20-21, 25, 90, 135 ff , 
169, 193, 199, 268 
mtrautennc, 20-21, 25, 90, 135 S, 
169, 218, 223, 238, 280 
methods, 20-21, 25, 90, 135 ff, 
168-169, 193, 199, 216, 224- 
226, 266 

sperm number for fertilization, 20- 
21, 90, 134, 217, 204, 268 
Artificial vagma, 8-7, 12, 76-78, 114- 
118, 158, 157, 180, 181, 182- 
183, 239-260, 261, 277-278 
temperature, and ejaculation, 12, 78, 
106 (16 
Ascorbic acid, for low fertility in butt, 
Autosome, 292, 295 
Ayrshire Breeders' Associahon, 349 

Badger Breeders Cooperative, 338 
BalanoposthiUs, ovine, 400 
Bangalore semen shipper, 387 
Bang's disease, ice Brucellosis 
Birds 

artificial Insemination, 5, 228, 255 
See also Poultry, speaflc types of 
birds 

Bitch 

artificial Insemination, 3, 4, 6, 271, 
276 279. 281-282 
copulation, 273-274 
cstnnis cycle, 54, 273 
reproducUic organs. 272 
See also Dog 

Blood t>'ping of dairy bulls used for 
artificial breeding, 290, 380 

Boar 

diseases, 402 

semen, 12, 15, 18, 19, 35 ff 282- 
264, 260, 263 

collccuon, 258-262, 263, 200 
collection, freq.,ency, 103, 266 
410 

dilution, 264 


Boar (Cont) 

sire, feeding and management, 410 
selection, 322, 332-333 
sperm, 15, 83, 262, 263 
See also Sow, Swine 
Bone acid-sodium bicarbonate as 
semen diluter, 192 

Breeders bag for equine semen collec- 
tion, 218-219 

Breedmg season, 54, 60, 69, 192, 207- 
211, 239 

and gonadotrophic hormone secre- 
bon, 60 

Breeding systems, 302-318 
Brown Swiss Cattle Breeders' Associa- 
bon, 349 

Brucella oborius, 107, 396 
Brucellosis 

cattle, 107, 398, 399 
swme, 401-402 
Buffalo, 152^177 
care and management 171-174 
crossbreeding, 152 
reproducbve organs, 155 
semen, 158-163 

biochemical characteristics, 161- 
163 

coDeebon, frequency, 171 ff. 
collection, methods, 156, 157- 
158 

diluters, 165-167 
dilution rate, 167 
seasonal variations, 163-165 
shipment 385, 387-388 
sex drive, 171. 172 
sperm, 150, 158-101 
See also Cow (buffalo) 

Bull 

breed idenhficabon by dye m semen 

diluent 131, 133 

breedmg capacity, 14. 16, 30-31, 
39 ff , 68-69, 80 ff , 96 ff , 108- 
109. 142-143, 290, 330, 050- 
351, 405-406 
diseases, 107, 393 ff 
control in fn^n semen, 365, 
368 ff , 29o 

See also specific conditions 
health standards for artificial insemi- 
nation, 397-400 
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Bull (Cont.) 

reproductive organs, 11-14, 119 
selection for breeding, 293-294, 
319 ff., 324-331, 333-334. 

337-338, 381 
Sea also Inheritance 
semen, 8, 18-19, 35 ff.. 83, 120- 
122, 162 

collection, frequency, 102-104, 
381, 405, 406 

collection, from nonmounting 
bull, 118, 400 

collection, methods, 76 ff., 114- 
120 

collection, preparation of sire, 81, 
106-107, 115-116 
diluters, 8, 19, 85-87. 129-135 
dilution rate, 21, 133-134 
freeze drying, 88 
frozen, 8-9, 84, 88, 365 ff. 
infected. 107, 393, 395 ff, 
seasonal variations, 16, 101-102, 
163, 164 

volume, 19, 80, 81, 104, 115, 121 
tests, 36 ff.. 81, 84. 122-129 
sex drive, 23, 81, 106-107 
sire, evaluation, 327-328 

feeding and management, 23, 81, 
108-109, 351, 404-409, 411- 
412 

sperm, 12 ff., 16, 41, 83, 84, 101 ff.. 

121-122, 129, 159 . 

See also Buffalo; Cattle; Cow 
Bulldog calf. 293 

Canary semen, 255 
Carbon dioxide, liquid, for storing 
frozen semen, 364, 371, 376 
Cat. estrous cycle, 54 
Cattle 

artificial insemination, see Artificial 
insemination; Cow, artificial in> 
semination 

beef, increase of crop, 29, 381 
. selection of sire, 306, 309, 310, 
331, 337-338 

close breeding, 310-311, 317, 382 
crossbreeding, 143, 303. 317, 382 
inbred lines, 307 


Cattle (Cont.) 

dairy, regulations for purebred, 380 
selection of sire, 284, 304, 319 ff., 
324-331, 333-334 
diseases, 107, 882, 393-400 
improvement by herd analysis, 298- 
299 

inbreeding, 309, 310, 317 
inheritance of ‘'traits, 284 ff.. 290, 
292-293, 297 

lethal and sublethal traits, 293, 294- 
295, 808, S09 

line breeding, 310, 317, 328, 334 
See also Bu&lo; Bull; Cow 
Central Ohio Breeding Association, 
338 

Centro de. Los AngeJes, Chile, 345 
Chicken, see. Cock; Hen (chicken)j 
Poultry 

Chile, artificial breeding organization, 
345 

Chorionic gonadotrophin, 51 
effect on seminal plasma, 41 
therapy, for anestms, 64 
for cow conception failure, 62, 
63 

for ovulation in mare, 71 
See also Pregnant mare serum 
therapy 

Chromosome(s). 14, 19, 280 ff., 300 
Citrate in semen diluters, see Egg 
yolk-citrate; Milk-citrate 
Citrate-sulfonamides as semen diluter, 
192 

Classification standards for breed im- 
provement, 298-300 
Close breeding, 307, 310-311, 317 
Cock 

feeding and management, 410 
reproductive system, 229-230 
selection for breeding; 321-322 
semen, collection, 78, 228-229, 
231-234, 237 

contamination, 231, 233-234 
dilution, 249, 250, 251 
frozen, 252, 367 
high vacuum distillation drying, 
88 

storage, 10, 251-252 
sperm, 83 
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Cock (Cont ) 

See also Hen, Poultry 
Coital exanthema, see Pustular vagi- 
mtis 

Color, inheritance, 285, 287, 289, 
292-293 
Conception rate 
hentability, 14, 109, 143 
m artifici^ insemination, 29-31, 
63, 88-89, 141, 142 ff. 140, 
147-148, 350-351 

Consolidated Breeders Cooperative, 
Inc , 338 

Cooperative Artifiaal Breeding Assty 
ciation No 1, 7, 339 
Corpus luteum, 26, 27, 51, 52 
buffalo cow, 156 
persistence in ovary, 29, 64-65 
Cow 

abortion, 30-31, 138, 146, 394,397 
artiBcial insemination. 5, 7, 25, 
89 ff. 135-148 
breeding methods, 139-147 
conception rate, 29-31, 88-89, 
139 ff, 146, 147-148, 350- 
351 

methods, 20-21. 25, 135-139 
sperm number, 20-21, 90, 134 
butterfat production, 68, 297, 304, 
310-311, 317, 320 ff, 333 
diseases. 29, 65, 68. 393 ff 
See also speafic conditions 
endocrine glands. 28, 46, 48 ff 
estrous cycle, 54 
estrus, 25, 29, 139 ff , 147 
fertility and infertility, 29-30 45 
108, 142-144 
hormone therapy, 61-63 
See also Conception rate. Cow, 
artificial insemination, concep. 
bon rate 

milk producbon, 14, 287-288 290 
297.3203,333 
conversion factors, 323-324 
reproduchve organs, 23-31, 50-51, 
54-53 ’ 

Cow (buffalo) 

artificial mseminabon, 168-169 ff 
■estrous cycle, 169-171 
milk producbon, 153-154 


Cow (buffalo) (Cont) 
ovulation, 171 

reproductive organs, 155-158 
Cowper'a gland, see Reproducbon, 
male, organs 

Crossbreeding, 4, 9, 143, 152, 254- 
255, 305-300, 307, 310, 317 
by frozen semen, 382 
CUE as semen diluter, 133 
Curtiss Candy Farms Improved Stud 
Service, Inc , 338 
Cyshc ovary, 29, 65^ 68 

Dairy Herd Improvement Assoaabon, 
323 

Deep freeziDg of semen, see Semen, 
freezmg 
Deer semen, 36 

Denmark, artificial cattle breeding, 7, 
S 

Dermatosis, ulcerative, sheep, 400 
Dienestrol therapy, 214 
DiethylsUlbestxoI, 72 
Diethylsblbestrol dJpropionate, 72 
Di hybrid ardss, 289 
Dibydrostreptomycm with semen di- 
lutcrs, 133, 134, 167, ^64 
See also Streptomycin 
Diluters 

for frozen semen, 367-370 
for semen, 8, 19, 85-87, 107, 125, 
129-135, 105-168, 191-192, 
216-217, 223-224, 251, 264, 
268, 275-270, 367 
Di Ovocyclin, 72 
Doe (goal) 

artificial mseminabon, 178 ff, 199, 
200 ‘ 
See also Goat 
estrous cycle, 197 
honnone therapy for lactation, 70 
Dog- 

artificial breeding, 3, 4, 6, 271-272, 
281-282 

- eopulahon. 273-274 

reproductive organs, 272 
semen, 272, 274-275 
collection, 276-278 
dilution. 275-270. 281. 282 
exammabon, 278^79 
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Dog (Cont) 
semea (Cont) 
shipment, 385 
spenn, 275, 278, 281 
concentration, 274, 275 
See also Bitch 

Dominant traits, 287-288, 300 
Dourine, 402 
Drake 
semen, 248 

collection, 229, 247-248 
dilution, 250 
See also Duck 

Dry ice for freezing or shipping semen, 
8, 88,-388 

Dry ice-acetone for freezing or stor- 
ing frozen semen, 364, 368, 371 
Dry ice-alcohol for freezing or storing 
semen, 364, 368, 371 ff., 375 
Drying oven, electric, 91 
Duck 

artificial insemination, 90, 248, 249 
See also Drake; Poultry 
Ductus deferens, see Reproduction, 
male, organs 

Dummy animals for semen collection 
cow, 79-80, 118, 120 
ewe, 183 
jennet, 221 
mare, 221 
sow, 260-201 

Dye(s) with semen diluters, 131, 135 

Eastern Iowa Artificial Breeding Asso- 
ciation, 338 

Egg yolk-citrate as semen diluter, 8, 
86-87, 129, 132, 165, 166, 
264, 268, 275, 276, 368, 369 
Egg yoik-citrate-glycerol as semen di- 
luter, 387, 368, 389-370 
£^gg yolk-citrate-glycine as semen di- 
luter, 276 

Egg yolk-glucose as semen diluter, 
224 

Egg yolk-glycine as semen diluter, 
132, 167, 168, 192, 264 
Egg yolk-milk as semen diluter, see 
Milk-egg yolk 


423 ' 

Egg yolk-phosphate as semen diluter, 
165, 192, 223, 224 
Egg yolk-phosphate-glucose as semen 
diluter, 224 

Egg yolk-sodium bicarbonate-glu- 
cose-fructose as semen diluter, 
167 

Egg yolk-tartrate as semen diluter, 
223, 224 

Ejaculate, see Semen, ejaculation 
Electrical stimulation for semen collec- 
tion, 79, II6-IIT, 179, 180, 
183-184, 185, 221, 229, 246, 
248 

Endocrine glands 

and reproduction, 43 S. 
inheritance, 292 
See also specific glands 
England, artificial cattie breeding, 8, 
343 

Enzootic abortion, 401 
Epididymis, see Reproduction, male, 
organs 

Epididymitis, ram, 401 
Epinephrine therapy for anaphylaxis 
after hormone therapy, 71, 73 
Epivaginitfs, cattle, 397 
Equipment for artificial insemination, 
91-93, 114 

cleaning methods and materials, 92— 

93 

EstradioI-17P. 52, 72 
fi-Estradiol dipropionate, 72 
See also £strogen(s), therapy 
Estrogen(s), 49, 51, 52, 56, 57, 72 
therapy, for anestrus, 63 
for conception failure, 62-63 
for expulsion of mummified fetus, 

67 

for lactation, 67-68, 70, 71 
for ovulation in mare, 214 
for pyometra, 66-67 
for retained placenta, 65-66 
Estrone, 52 

Estious cycle, 25-26, 27, 52-55, 89 
Estrus, 25 if., 52, 89 
See also specific animals 
Ewe 

artificial insemination, 5, 7, 25, 178, 
192-200 
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Ewe (Cont ) 
diseases, 98, 400—401 
estrous cycle, 54, 196 
estrus, 26, 69, 192—194, 196 
follicle-stimulabng honnone for in- 
creasing lamb crop, 23 
high nutrition for mcreasing lamb 
crop, 28 

See also Ram, Sheep 

Fallopian tube, see Reproduction, fe- 
male, organs 
Fertility 

female. 14, 28ff , 64, 96, 290, 330 
male, 16 ff, 30-31, 41-43, 80 ff, 
95-100, 106, 143, 186, 215 
See also Bull, breeding capaaty 
“Fertility bamer," 30, 31 
Fertilization mechanism, 20 ff , 25-26; 
81 

Fmch semen, 255 

Folhcle-stimulating honnone, 26, 28, 
29, 48-49, 59, 63-64 
therapy, see Pregnant mare serum 
therapy 

Follutein Squibb, 72 
Foot and mouth disease, cattle, 397 
Fowl, see Poultry 
Fox, estrous cycles, 54 
France, artificial cattle breeding, 8 
Freeze drymg of semen, 88 
Frozen semen, see Semen, freezing. 
Semen, frozen 

Fructolysis, 35, 37, 39, 42, 82, 162 
163 

FSH, See FoUicle-stimulating hormone 

Gamete, 300 
Gander 

semen, 248-249 
coUecbon, 229, 248, 247-248 
See also Goose, Poultry 
Cene(s). 19, 28611, 300 
Unlage, 295-290 
mutation, 296 
Genetics, 2^ 

Genotype, 288-289, SOp 
Germany, artificial cattle breeding 8 
Glycerin, /iCe Glycerol 


Glycerol m semen diluters, 8, 87, 88, 
131 ff. 361, 367 ff, 395, 406 
and antibiotic effect on Vibrio 
fetus, 395 

Glycine in semen diluters, 133, 168, 
167, 168, 264, 278 

Goat 

crossbreeding, 305-4J06 
semen, 36, 188 
collection, 180 
dilubon, 102 
frozen, 191, 367, 368 
seasonal variations, 164 
storage and shipment, 190 
See also Doe (goat) 

Conad(s), see Reproduction, female, 
organs. Reproduction, male, or- 
gans 
Gonadin, 72 
Gonadogen, 72 

Gonadotrophic hormones, see Folhcle- 
sbmulabng hormone, Lutem- 
izmg hormone 

Goose 

artificial insenunation, 90, 248, 249 
See also Gander, Poultry 
Grading m breeding systems, 304 
Guinea pig semen, 36 

Heat, see Estrus 
Hedgehog semen, 36 
Hemocytometer for sperm count, 83, 
125, 187 
Hen (chicken) 

artificial insemination, 6, 90, 228, 
230-231, 234-238, 253-254 
egg production, 321-322 
See also Cock, Poultry 
Hen (turkey) 

artificial insemination, 90, 228, 238, 
242-240, 253, 254 
See also Tom (turkey). Poultry 
Herd Improvement Registry Test, 323 
Heredity 
definition, 800 
See also Inheritance 
Heterosis effect m breeding, 305, 308 
Heterozygote, 289, 300 
Hog, tee Boar, Sow, Swine 
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Holstein Breeding Experiment, 297, 
304. 309. 314-315 
Hplstein-Friesian Association of 
America, 349, 377 
Homo;^gote, 293 

Homo^gosis in inbreeding, calcula- 
tion, 313 
Hormones 

and reproduction, 45-73 
sex, see specific hormones 
therapy, see specific hom^ones 
Horse 

artificial breeding, 4 S,, 205-227 
diseases, 402 

lethal and sublethal traits, 294 
reproductiye physiology, 208-213 
See aho }dere; StaUion 
Hybrid, 9, 288, 289, 300 

Illini Variable Temperature semen di- 
Inter, 133 

Inbreeding, 307, 308-310, 316, 317, 
328 

Wright's coefficient, 310-313 
Incrossing in animal breeding, 307- 
308, 309, 316 

Infertility, 16, 29-30, 68-69, 80, 107, 
142-143, 330, 393-394, 401- 
402 

See' also Bull, breeding capacity; 
Fertility 
Inheritance 
and gene linkage, 296 
control, 297 

definitions of terms, 300 * 
dominant, 287-288, 300 
in diohybrid cross, 289 
laws, 285-296 

Icth^ and sublethal traits, 293-295 
multiple factor, 289-290 
recessive, 287, 300 
sex Influence, 202-293 
sex'lixnitcd, 293 
scxdinkcd. 290-292 
Insemination, tcc Artificial Insemina- 
tion; Mating 

Ireland, artificial cattle breeding, 8 
IVT, see llUnJ Variable Temperature 
semen dsluter 


Jack 

semen, 215 ff., 222 
collection, 218 ff. 
diluhon, 216 £P. 
sperm, 215 
See also Jenpet 
Jackstock, see Jack; Jennet 
Japan, artificial catde breeding, 8 
Jennet, artificial insemination, 206, 
207. 217, 224-225 
breeding season, 211 
estrous cycle, 211 . 

estrus, 212-213 

Kampschmidt’s semen diluter, 165- 
166 

Kentucky ArtiBcial Breeding Associa- 
tion, Inc., 360-361 
Korotrin, 72 * 

Lactation, 49, 58-59, 292 
induction and maintenance by es- 
trogen therapy, 67-68, 70 ' . 
Lactogen, see Luteotiophic hormone 
Lactogenic hormone, see Lutcotrophio 
hormone 

Leptospira pomom, 396 
Leptospirosis 
cattle, 396, 399-400 • . 
ssvine, 402 

Lethal and sublethal traits, 293-295, 
306 

LH, sec Luteinizing hormone 
Lino breeding, 307, 310, 317, 328, 
334 

Line crossing, 307-308 
Luteinizing hormone, 49, 59 
therapy, for cystic ovaries, 65 
for ovulation in marc, 214 
Lutcotrophio hormone, 49, 51, 55, 
57 ff. 

Malnutrition, sec Nutrition 
More 

abortion, 57 

artificial insemination, 4 ff., 25. 26, 
80, 206 ff., 211 ff., 210, 217, 
22-t^220 

breeding season, 207-210 
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Mare (Cent) 

estrous cycle, 208-211 
estius, 26, 206, 208, 211-212. 213 
hormone therapy for anestrus and 
ovulabon, 71, 206, 207, 213- 
215 

ovulabon, 206, 211, 212 
See also Horse, Stallion 
Massage, manual, for semen coUec- 
bon, 78, 117 S , 157-158, 229, 
231-233, 239 ff . 247 
Mabng, 20, 23, 26 
Mendels laws of iohentance, 285 ff 
Methylene blue leducbon test for 
sperm quality, 43, 84, 129 
Michigan ArbSaal Breeders Gxipera 
bve, Inc., 333, 348 
Mtlanov s diluter, see TGL as semen 
diluters 

Milk as semen diluter, 87, 129, 13(^ 

131, 132, 165, 192, 275 
Milk-citrate as semen diluter, 167 
Milk-egg yoUc as semen diluter, 19, 87 
Milk-egg yolk-atrate as semen di 

luter, 132 

Milk-glycerol as semen diluter, 131- 

132, 361, 370 

Milk-^ydne as semen diluter, 264 
Mdk-tartrate as semen diluter, 224 
Milk Markebng Board, England, 343 
Milk produebon, see Cow, tthIV pro- 
duction 

Mmerals, dietary, see Nutrition 
Minnesota Vall^ Breeders Assn , 338 
Mississippi artificial vagina, 210, 220- 
221 

Missoun-USDA artificial vagina, 219- 
220 

Mole semen, 36 
Morgan horse, 292 
Mouse semen, 36 

Multiple factor inhentance, 289-290 
Xlutation, 296 

National Association of Artificial 
Breeders of the Umted Stales 

Neomycin with semen diluters, 87 


Netherlands, artificial cattle breed- 
ing, 8 

New Jersey Artificial Breeding Pro- 
gram, 328 

New Jersey Breedmg Expenment, see 
Holstein Breeding Experiment 
New Jersey Cooperative Breedmg 
Association, 386 

New York Artificid Breeders Coopera- 
tive, Inc , 338, 346 S , 365 
Nitrogen, bquld 

for freezing semen, 367 
for shipping and stormg frozen 
semen, 8, 364, 371, 373 ff , 
381, 388-390 

Northeastern Pennsylvania Breeding 
Assomabon, 356 

Northern Ohio Breedmg Association, 
362-363 

Nutntion and fertihty, 16, 28 ff, 41, 
64. 95-100, 143, 215 

Outcrossmg, 306, 316, 328 
Ovary, see Reproduction, female, or- 
gans 

Oviduct, see Reproduction, female, or- 
gans 

Ovulation, 53, 89 
See also specific animals 
Ovum, 23 ff 
Oxytocin, 49, 57, 138 

Partunbon, 56-57 
Peacock semen, 255 
PenioUm with semen dJulers, 87, 107, 
131, 133, 134,395,399 
Perandren, 72 

Percheron Horse Association of Amer- 
ica, 210 

Phenotype, 288, 300 
Photoelectnc colorimeter for sperm 
count, 83, 125-128, 187 
Pigeon, artificial insemination, 6 
Pituitary gland, 46-49, 292 
and follicular activity. 28, 48, 49 
lactation, 49, 58-59, 292 
spermatogenesis, 16, 48, 49, 59, 
60 

effect on uterus, 49, 57, 138 
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Pltultrin, see Oxytocin; Pihiitaiy 
gland; Vasopressin 
Placenta, 51, 55, 56 
retained, 65—68 

Plasma, seminal, see Semen, plasma 
PMS, see Pregnant mare “rum 
Polymyxin with semen iluters. 87 
Poona semen shipper, 387 
Posterior Pituitary Extract, 7^ 

Posterior Pituitary Injection, 

^°MScial breeding, 6, 90, 22^257 
See also specific species, artificial 
insemination 

crosst)reeding, 254-255, 305. 310 
fertility, 229 
hatchability, 229 
inbreeding, 309 

inheritance of traits, 289, 291, 293, 
309 

line breeding, 310 

71 ^ 29 , 231 - 234 , 
239-242, 247-248 
dilution, 249-250, 251 

^^2yS8%,ml52- 

253 

storage, 251-252 
See olso specific species 

""in^^^p’ao^^y artificial insemina- 
tion, 138 

Pregnant mare serum, 51 ^ «j5 

fgr cow concepdon faUure, 62 
for Uctadon in goat, 7U 
for estrus and ovulation m mare, 
71 214 

for increase of '™h “oP, 28 
Progesterone, 26, 49, 51, 5 
and ovulation, 53 
parturition, 56 

■ JiffiinSfon failure 63 

ProgSm^^ethyUldtestrel therapy 
for lactation, 68 

Prolactin, see Luteotrophic horoione 


Prostate, see Reproduction, male, or- 
gans 

Pseudopregnancy, 54, 55 
Punch cards for records m breeding 
associations, 352-357 
Purebred Dairy Cattle Assodatimi of 
the United States, 348, 380 
Pustular vaginitis, 396-397 
Pyometra, 66*^7 


Babbit 
semen, 36 
sperm, 14 

^“feeding and management 40^10 
hormone treatment m hot weather, 

70 

nutrition and reproductive capacity, 

96, 99, 100 

selection for artificial insemmation, 

semem^.^Te, 18-19, 35 ff., 185, 
186-189 

collection, 180-184 
collection, frequency, 104-lOS, 
181-182 

dilution, 191—192 
freezing, 190-191 
seasonal variations, -164 
storage and shipment, 190-191, 
385 

sex drive and fertility, 186 
sperm. IS, 16, 60. 83. 100-101, 
104-105. 187 
See also Ewe; Sheep 

**^nutiition and reproduction, 95, 98 
semen, 36 

Recessive traits, 287—288, 300 
Rectovaginal method of artificial ^ 
semination, 135-136, 168, 170 
Refrigerators for storing semen, 371, 
372 ff. 

Relaxin, 51, 57 . , «,« 

RelaUonships in animal breeding, 313 
Reproduction 

and hormones, 45-75 
nutrition, 9^100 
female, organs, 23-31, 50-51, 52 
beritabiUty. 14, 109, 143 
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Reproducfaon (Cont) 
male, appraisal by semen analysis, 
39—43 

organs, 11-23, 3Sff , 40. 51, 5^ 

60, 100 

Seasonal varution ui estrous cycle, 
see Breeding season 

Saotum, see RepioducUon, male, or- 
gans 

Segreg-xtion o£ traits in inhenkance, 
288-287 

Semen, 11-12, 18-22, 35-89 S. 
bacteria in, 85, 87, 107, 138 

See also Antibiotics with semen 
diluters 

chemical analysis, 39-43 
collection, 76'^ 
by artificial vagina, 76-78, 114- 
110, 156, 157, 219-221 
by breeder’s bag, 218-219 
by electrical stimulation, 79, 
116-117, 179, 180, 183-184, 
165, 221, 229. 246. 243 
by manual massage, 78, 117 S . 
157-158. 229. 231-233, 239 S . 
247 

by use o( dummy animals, 79-^0, 
118, 120. 183, 221, 260-261 
from vagma, 78-79. 180, 181- 
182, 218 

composition, 35-39, 41, 98 
color, 83 
variability, 39 
custom freezing, 378 
diluters, 8, 19. 85-87, 129-135, 
165-167, 168, 223-224. 264 
268, 275, 276. 361, 367 ff. 

See also specific diluters 
dilution, 20, 82, 1S3-134, 216-217 
effect o£ nutrition, 10, 41, 95-100 
143. 215 

ejaculation, 12. 19, 39-40 
examination, 32-44, 80-85 
fertility, tee Fertility, male 
formation, 11 , 12, 18 . 
freezing, 4. 0, 31. 84, 114, 113. 

168. 190, 224, ^2, 362, 378 
equipment, 370-371 
hirior/, 385-368 


Semen (Cont) 
freezing (Cont) 
method, 368-369 
frozen, 14, 88, 144, 364-384 
advantages, 384-365 
disadvantages, 379-380 
regulations for purebred dairy 
cattle, 380 

storage and shipment, 371-377, 
388-390 

handlmg after collection, 8, 81, 85, 
121, 129, 190 

infected, 87, 365, 394, 395, 400- 
401 

plasma, 32, 35-39, 40-^1 
reactivation, 87 

reproductive capacity appraisal, 39- 
43 

seasonal variations, 16, 101-102, 
163, 164 

shipment, 7. 8. 268, 381-382, 385- 
390 

species differences, 18-19. 83 
storage capacity, 19, 64, 129, 218 
tests, see Sperm, st^ns and tests 
Vibrio fetus infection, 87, 365, 395, 
400-401 

Seminal vesicle, see Reproduction, 
male, organs 

Sex charactensbcs, inheritance, 14, 
291 ff 

Sex dnve, 23. 51, 61, 68, 81, 95, 103, 
1055, 180 
Sex hormones 

female, see Estrogen (s). Progester- 
one, Relaxln 

male, see Androgcnfs); Testoster- 
one 

Sex infiuence inheritance, 292 
Sex-lImited inheritance, 293 
SexlinVcd inheritance, 290-292 
^ organs, see Reproduction 
Sheep 

artificial breeding, 5. 7, 25, 178 ff 
breeding season, 69 
disease, 98, 40(M01 
Inheritance of traits, 292 
lethal and sublethal traits, 295 
selection of sire, 331-332 
See ctso Ewe, Ram 
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Sire selection, see Artificial breeding, 
selection of sires; specific ani- 
mals 

Size, inheritance, 290 
Southeastern Pennsylvania Artificial 
Breeding Cooperative, 550, 305 
Southern Illinois Breeding Association, 
142, 352 ff. 

Sow 

abortion, 401 

artificial insemination, 00, 265-266, 
267, 268 

estrus, 26, 264, 266 
ovarian estrogens, 52 
ovulation, 28 
See also Boar; Swine 
Speculum method of artificial insemi- 
nation, 138-137, 188 
Speed, inheritance, 200 
Sperm, 3, 11 ff., 18-20, 41-43, 51, 59, 
60, 96. 100, 102-103, 156 
abnormal, 42, 60, 83-84, 107, 160, 
163, 186-187, 189, 216, 275, 
278 

and disease, 107 

bactericidal disinfectants, 22, 92 
metal surfaces, 22 
temperature, 4, 8, 16-17, 60, 80- 
82, 84, 100-102, 129, 163-165 
chemical composition* 32-35, 37 
concentration, 12, 16, 19, 42, 81 ff., 
125-128, 133-134 
fertilizing capacity, 14, 17, 18, 
20 ff., 80, 81, 84 

longevity, 15, 18-19, 27, 84, 85, 87 
. motility, 19, 35, 42, 43, 81-83, 121, 
122-125 

stains and tests, 32-34, 42-43, 84— 
85, 129, 160-161, 186-187, 
278-279 

Spermasol as semen diluter, 165 
Spermatogenesis, see Sperm 
Spermatozoa, see Sperm 
Stains, see Sperm, stains and tests 
Stallion 

feeding and management, 409 
semen, 18-19, 35 ff., 21^223 
collection, 218-2^ 
collection, frequency, 105 


Stallion (Cont.) 
semen (Cont.) 

dilution, 216-218, 222, 223-224 
handling and storage, 222-223 
sperm, 14, 83, 208, 215 ff., 222 
See also Horse; Mare 
Sterility, see Infertility 
StilbestTol, 72 
therapy, for lactation, 67 
for ovulation in mare, 214 
for pyometra, 86 
Stilbestrol dipropionate 

therapy, for expulsion of mummified 
fetus, 67 
for pyometra, 67 
Stilbestrol Solution, 72 
Stilronate, 72 

Streptomycin with semen diluters, 87, 
107, 131, 134, 167, 368, 369, 
370, 395, 399 

See also Dihydrostreptomycin 
Sulfonamides NWth semen diluters, 87, 
133, 165, 167, 192, 224 
Sweden, artificial cattle breeding, 8 
Swine 

breeding systems, 305, 307 ff, 
diseases, 401-402 
improvement by breeding, 303 
lethal and sublethal traits, 295 
See also Boar; Sow 

Testis, see Reproduction, male, organs 
Testosterone, 12, 13 
and sex drive, 23 
effect on semen, 40-41 
therapy for sex drive, 68 
Testosterone propionate, 72 
TGI/ as semen diluter, 223, 224 
Theelin, 72 
Thyroid gland, 50 

and testicular function, 60, 165 
Thyroprotein therapy for sex drive, 69 
Hiyrotrophlc hormone, 49 
ThyroxiM, 50 

and spermatogenesis, 60 
Tom (turkey) ® 

feeding and management, 238-239, 
411 

semen, 245-246 
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Tom (turkey) (Cent) 
semen (Cent ) 

collectjon, 229. 239-242 
dilutton, 249, 250 
storage, 252 
sperm, 245 

Tncftomonai foetus, 393 
semen infection, 894, 393 
Tnchomomasis, cattle, 393-395, 398 
Tn State Breeders Cooperative, 338 
Trypanosoma equiperdum, 402 
Tuberculosis, cattle, 398 
Turkey, see Tom (turkey). Hen (tur* 
key) 

Uddei grovjth, 57 -S8 
Ulcerame dermatosis, sheep, 400 
Unit characters, 300 
Uterus, see Reproduction, female, or- 
gans 

Vacuum jar for storing frozen semen, 
371-372 

Vagina, see Reproduction, female, or- 
gans 

Vagina, artificial, see Artificial vagina 


Vagmitis, see EpivagimUs, Pustular 
vaginitu 

Vaiubon in inhentance, 297, 300 
Vaa deferens, see Repn^uctlon, male, 
organs 

Vasopressin, 49 

Vesicula semmahs. see Reproduction, 
male, organs 
Vibriosis 

cattle, 395, 398 
sheep, 40CM01 

Vitamin defiaenaes, see Nutnbon 
Vulva, see Reproduction, female, or- 
gans 

Water heater, elertnc, 91 
Waterloo Cattle Bree^g Association, 
8-9 

West Cermany, see Cennany 
Wright’s coefficient of inbreeding, 
311-313 

Yellow body, see Corpus luteum 

Zebroid, 9 
Zebu, 155, 156, 159 



